'I LjLui/Lu/l * i A/ -Wi- 

•• 

^LalS A3 jJL»w«J< £y* j^uSJS 

^jlr ljJLL aJ I ^ Jlci djk>^4j A J AJLu^/j J i • 

j*J) 


•±J 


*».f\cS> ox9VaIU c/\)Wxxm^ 0 oxlgxH j\xJ\ 
/JO» 


^rdi 

—i 


































uLu»UJI 

♦♦ ««^ 

>7iti> > 1 j uu.i 

JjU.i 


>>lt J>3M 

.g . J 

•* «• 

> J 

ju a * uljL^yyl.^ 

jjLJI (^ki?II jikdJjj AaaJI uLwaU^JI ^LLmI 
jMm j*£ AJUb' 7ld£ 

AA^I>4 

uJLa jj JUH. 4 

3jALaII AmL? - ^j^Alf AdblS uLuaLjJI :UdJ 

f.f.ci) b^\^lO\)\j^^axl()xl\)\)i\ 
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o* iSjrl 

uLa^dU ALaLa 


4_4\jl)I djjxUlJl : c^j-jj p^ui ^a^tL> 
2 u 2 uulaUl pbj^ailit : L^Jnjl ^>^cL« 
Lljla jj^SUI : (,5j^j! f*>“» (jn'Vl 4 
4dtlA)l pUajSJI : 
cUjicajdl &lj oj^ll : l£jhJJ f JjIi 

Lx > -^j j) j -i 1 1 : i! ^’3^r (^jfsieJLa 

4 jl^Jt Ll>> 3 ]£jljj Lu>>_^j(j-aisLd 

4^1: t^j—jl ^3^ (j^aflfcl-4 

j^ljJl ^jm)I t c5jnji ?$*** a 

: (_5J^_jJ j*^xu 

4 tih t igll ♦ 'Sj j! j*J "* ) j^'*~* A 
r t.^^yi • j»^ji 

fl(j^cLa 
(Jj^liuJl t_lLao» t i£j -£! j*$-«i Q^aieLa 
(J-alSxUlj (Jx£»UuJl l£jLl 4 : eSj-jl j*3-*i • 

JjtJLpJlj ^l^jl ^jubbj £->*>«« : (J^j-j! j* 

C++ 4ji1j 4rt4 J_JI : [Sj-±\ (*tj-a^U 
JAVA 2liL 43t4^_Jl : tij-jl 

g Uj 11 Clljuirliitfl t (^j^j| j*^ui jaxU 
jluaa^Vl ££4 Lla : lSj -^1 f 3*1 {jaitla 

tlua^Vl : L$j-il (j-aitL» 

4-LuibbaJl ? 3 ^* a 

l m yU Li) I (4 If (_5^ 4 4ilift4 : j —jl ^^i^tl a 





ijL.S"j 4d^& #” L^p I Jl>-! ! js«*wJ ^^4 »-*> 

^ 5 ® eljj^jJl 4>-j.i ^jIp <_)-**»- "H* A ^ L 5 ® fj*i 

Jl_>- 1 aj . Jj^_j^j 4_*-o L>«j o L>,LJI j»j) 1»J dj_' \jj£ 1 ^ « a ( j*o 1960 

j • I i*C jfl - /ji oL^fl^JU 1 ■ pj — ‘ 41 m 1 im! *i^l*w I ^ytljA. l I 

Q>1 ».d>Vj_pI <pL_*Jl 11 <0*i/L-*Ji>-*iJI <4_ala 47 a Jl oL-^L^I 

. oliiJl 4jjJaj <4. 


J-s^ • L*^j^ 4 _ju>L>*j jj-fj'il i3jU 

jJjl v i 1^4 jJh ,QL>».2 ..o 4jusL>- ^>o 1994 ^9 4 aHaJ( oljjp^TjJl 

.O*^J IJ 4« L<?7a 11 ol.. ./3 Ij jJ I 4LJLJ JVd>jJ J JA-Wi £_4 


U'U«ji t5>rb ^ ^ls ^pLA 

. ^J_Lj«j 1 ^J_L 1_;JjJJtJ IT 4_JLfi L>oJ _ <rf<1 —jP 4JU» ^y*U 1 jS* jaJ 

J—**>■ |4-J i-J.^1 4_«L>- Cr° ^rj- 3 J-^ 9 - 

Jl_j JlaJ i—i-J yb <icol>- yo oij^iS^jJlj LaJ I 

• l o 4JLJL1 y c * ) I y 



7 .uUa)! 'ijj&t : JjVl tM)l 

25 .Jijoii : ^iSii cMJi 

39 .Jjjldlll Ul^j juai : ANSI! JwiJI 

57 . J-jJI jJI JmuI! 

69 . ulfrWI : j*»l*l! cMl 

81 . utkk*i! \jix : jaiU J! Jaaifl 

103 . AjuI i111 jIpmVI jjLJI JmaII 

119 . JJ*J! : jNSJI JmAJ! 

133 . uVVl <0£fj4l1 <uttUf : £*>&! Jutil 

143 . ul^lhniM 4 *j12 

















JjVl 

uUilf 

Set Theory 


IdA yS 

uliill ✓ 
uliiilj 1L.LDI uUdJI ✓ 
U>)l utiiil ✓ 
j2 ulbkSu ✓ 
utii)l tAfi uUUdJI ✓ 
UU&lj uliill jy>- ✓ 

JuJI idu* ,2u«iill uUiJI ✓ 
fi&uM >i^l uUi <ulUl J>ai ✓ 

Sets and Elements ^aUudlj uUill 

< elements or members j-^Ljlp L$J Jl_L iipyuy iiiJI 

oUiil jj-fl £ A, B, X, Y, ... 

.oLuJ! jy>£ a, b,x,y>... 
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" A ^1 Lr »v,;,i p" ^aLSUil "a "*jsJS\ ,yi j*aX p p" 

p € A 

tp G A jjjiJI <"/l l^yilP p" ^yLdl Lo? 

p € A 

* $ # 

\_A^£»llP Jl_■> -L>*j p_y lil ^LoL.^ i Jl_j jL>fcJ JJl_ >mXj if-JAAmAJl Ol 4.A. d'y 

.JlaJI I_La i^j»j" 

U» - . c 

Principle of Extension JUJl iJLy» 

«lij JaaS>3 <lil Bj /4 QlvtalI 


Specifying Sets uliiJI JjOaj 

ij—« ^j_9 ^<1 lvV J'ill I .4JLdJI ^jP ijbJiUjJ? lluLml Jl>-^i' 

«L£aa *JLl33 015“ iil ^Lp 

^ = {a, e, i, o, u} 

lg_Ui ^vs>Li*jl oi .a, e, i, o, u lJjj-aJI U^Lp ixiil Jjuj 

£ jj ij l .{ } (,) O *^ya< 

# 

,4jull oJlft y***> 

B- {x\ x is an even integer, x > 0} 
j*ji. • 1 jjJ# IJ Lp ^L*JI 4S9 B 

J_ «pJlft jaJ I iljLP^I Ia^msLp 5 4lill tiJJi 

(,) LJUjIj *>-" Ij-JL. colon (:) j i_ii]l (jJ (^jJaAJ J. vfl ul X- eij-A- 

. j I jAt comma 
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i.i sjl_• 

Ijt£ai\ A iiLJI itill ( a ) 

A = {x: x is a letter in the English alphabet, x is a vowel} 

<beAd\ SiAJI ,y iS>~JI Jt isi ^ ,4 oi tfl 

.p g A t e e A 

l MJi>o Lit 1 <44 jL^JI B 4JLa 1I j^bp i -" 1 * (b) 

5^Lp LoUj 


B~{ 2.4, 6,...} 


■ 9 J i llA Ji^Ui bLo ^ li ul 

.-7 * 5 8 e £ 01 ilJLP^I 

L5 _Jl jIjlpSM ^ OjSctf £ ji «£ = {x: x 2 — 3x + 2 = 0} j&J (c) 
solution set Ji*JI Sis £ ^a— j‘ ULs^i «x 2 - 3x + 2 = 0 aLLaJL) J^U- 
.£= {1,2} ajL^ t j^Aj 2 < 1 ^yb aLImaJI O^l*- 0 Vj .sILaaII <LI*aJJ 


oj—» «G= {1, 2, 2, 1, 2} j F= {2, 1} ,£= (x:x 2 -3x + 2 = 0} ( d) 

f LaLp jP Aoj^J» ^1p JLa^aT *i 4-tjjJ 1 01 .£ — £ = G 

• 1 j «i«»y JuP 1 J 1 Lb^^l»P OjjSo 1^ j yA LT Jiu 4 .u ) 1 o 1 


Solved Problem 1.1 


(a) The set A above can also be written as 

A = {x: x is a letter in the English alphabet, x is a vowel} 

Observe that b e A, e e A, and p «£ A. 

(b) We could not list all the elements of the above set B although 
frequently we specify the set by writing 

£={2,4, 6,... } 
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where we assume that everyone knows what we mean. Observe that 8 e 
B but —7 «£ B. 

(c) Let E = {.r: x 2 — 3x + 2 = 0}. In other words, E consists of those 
numbers which are solutions of the equation x 2 — 3x + 2 = 0, sometimes 
called the solution set of the given equation. Since the solutions of the 
equation are 1 and 2, we could also write E= {1, 2}. 

C d ) Let E- [x:x 2 -3x+ 2 = 0), F= {2, 1} and G= {1,2, 2, 1,2}. 
Then E- F=G. Observe that a set does not depend on the way in which 
its elements are displayed. A set remains the same if its elements are re¬ 
peated or rearranged. 




J1 iljLP-Sll A3 


<W3L>«J 1 j^o^ll j (2lliJj LajS* 3 oliill yj **j 

N= {1,2, 3, ...} A^^all A3 

Z ={..., -2, -1, 0, 1, 2, ...} a**- 

Q = a™ 11 iiJLP^l 43 

R = -*3LJL> J1 A3 

C = a-S>JI A3 


' 


Kte 5 





jlJ dLJ3 4—till j^o Up LuSUl 131 

L_wl l JL_J 1IjaJ 1 iJL_P j j .«.*> *il < . LJla-P ij 3 ^ 0 . 

dU3 :ljI£.i cs* 1976 r u 


J_Ji Lr -lp 131 Ja—5i La^Lp j Atill uivaJ Lol ^1 

. La^oLlp J-sAj ^yJl UJ L) Atilt x iyai Lo^9 <(2113 ^9 Lo I .j^»Lc*ll 

* * 

. Jb 1 1 JLaj (—9 jju Lo <Lw9 L>*j A3 cjLs<?J ^ 1 4JLiL>-j 


- 10 - 













where we assume that everyone knows what we mean. Observe that 8 e 
B but -7 € B. 

(c) Let E= {x: jc 2 - 3jc + 2 = 0}. In other words, E consists of those 
numbers which are solutions of the equation jc 2 - 3jc + 2 = 0, sometimes 
called the solution set of the given equation. Since the solutions of the 
equation are 1 and 2, we could also write E = {1,2}. 

id) Let E = { jc: x 2 - 3 jc + 2 = 0}, F = {2, 1} and G= {1,2, 2, 1,2}. 
Then E— F=G. Observe that a set does not depend on the way in which 
its elements are displayed. A set remains the same if its elements are re¬ 
peated or rearranged. 


i ajju ji uaj y 

L$xt ^wccii JviU jJj Ia‘■^L iiJI 

N { 1 , 2, 3, • *« } 4_«j*-^aJ 1 4 ■>* . ..-a \ 1 i J JlP 1 4X9 
Z = {..., -2, -1,0, 1,2, ...} 1 s I-Lp 4X9 

Q= iii 

R = 4*^1 4X9 

C= <LS>Ji aIjlp^I <si 



jlJ dJUi o}-» 4-_xill LxS2ol 131 

jJLjJI • jl-JIjaJI ^jl_p -"*» *5/ < .LJLaj- 

ciU3 j^>- iJlSL*} {j* 1976 J^U- 


j ^ 1 fi" i g j t **. 11 C |^| j ^ * 4. * . al I l j yji Lx> I 1 


. Ia^mpLxc- <LygL>JL 4XaJI t jyai <<2i33 jjS’ Lei . j-^LuJl 

* ' 

. I I JLaj v_i jjo' Le 4,. yj Uo 4X9 t_ aj 4j 1 4 jlJl>-j 
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Principle of Abstraction Lu* 

Ja*.yaJ L-> l _fc_ r v?Up A fei Jtfrji* 4J^9 tP fevaU- U 4JS C-JaP I lil 

.P fe-^UJl j£*y ^ydl £/ feiJl ^Lp 

iiilli 4ULSJI 

Universal Set and Empty Set 

<Ly»-7,;.a I Ca>«j olidl ^vpLlp iOliill «iaY <_£ I ^5 

Oj&S fe,JUL*il ^ .iloUJI feiJl LJ ^- o^-S* fej 

l)^-£ fejl£—Jl ol_-/IjjJI ^ laal.ll ij* iJLoLiJ I feiJl 

4.- L aLiJ I 4 till j_ajJ ^ U ■" .pJ La) l j-- jA jjSl'J 4-LaUJ I 4ii) I 

.kA 



viJUi jj. jfi lil -JI 

Jj_JL>o t/ ^j—a j yaIP j_jl "if J 9 <P fev?L>Jlj £/ La 4ld 4<^:1L 

fedI _ r *xpl JLuJl Lf lp ./* iwsL>Jl 
5 = {jr: jc is a positive integer, x 2 = 3} 

<(J i_LP Jls-jj c..»- j^Up fe I ^Lp ^ fed I oJl* 

aJUJI feiJL ^>Llp fei J* 'i fed I JJO-J .fe^JLLJI fe^UJI 

LjJ jjo jij empty or null set fejiyalt fed I jl 


j[_i 4 _J U- 4_53 T J S j_* J_^ jLS' lil Ail (_£ I f o Ju^-j iJU- fe# 

.*& • Jlj J^*x)L t Jl ^j-d Ja^yalL Ia.,^1 0*5/ S = T 
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Subsets 


I uLUdl 


ia A 01j *5 isiJI ^ Cijf ^ fed I ^ JS' OIS' IS} 

l_gj) _?>■'»* 5 01 jl B 4-JLfl] I ^_9 d1^X><jo /} 4JtiJI 01 Uiul j *B ^jA 

iS%JI 6 Jla .A 


A a B 


il Bz>A 


4-jtiH i—Jjsr A £A LJ A £ = {2, 4, 6} 4—j-iJI 1.2 5J^ui XJL-o# 

iPl Jl^.6 .4 .2 iJLP JT Of ^F= {6,2,4} 

^ ii*- *» u,A ia JS' 01 olJ} ^yS^. JiJU .£ = F .F 

. 1 ^ j. 


Solved Problem 1.2 The set E - {2,4, 6} is a subset of the set F = {6, 2, 
4}, since each number 2, 4, and 6 belonging to E also belongs to F. In 
fact* E = F. In a similar manner, it can be shown that every set is a sub¬ 
set of itself. 

I oUi.il iJUJl { ja IjiOi <Ji>- ^)Lo 

.A.>- l_i lycJI 1 J_^8 4iSl <£/ iloLiJl iliJl ^ iiy*- 4ii ^yfc A 4i» JS' (i) 
.A y> lAyr ^ 0 SJUJI ^ &ulj .£/ J1 /< ^Up 

./I A j+0 Up OSl UJUij I 4 —ii yj 4*Jyr iii ^ A 4ii JS' (ii) 

Lr ^. ^ JSJ B ajlaM /< ^ JS' 0^ lil (iii) 

sjWhj c a & ^ js' ot c^yi ^ -C Still J1 

JcC0l*5cCj^c5 OIS' lit ^>>“1 

01 til ^LoJI U^J Bj A 01» BczA oilSj A cfl oils' lij (iv) 
J-S' 0^ dUij flc-4 <A c B u[* A=B oils' lij ^j-SUJUj ./< = B 

• l^i«<> 4 a t < A aju 
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•(_ 5 ^ *^1 O'j-* 

1.1 Aj Joj 

.0 ci A ci U UjjJ A as* (i) 

.A ci A LoJj A ass ^Sl (ii) 

.A cC o^i 5cC oilSj A ci) oJlT bj (iii) 

.B ci A 3 A cz B c-Jb' < IS} Jaiij «bj /* = B (iv) 

jj <v 1 _aJLlp V—s 1 .y4 = i? 0 _ 3 ^i 01 ^jA A a B ool^ li j 

B ys proper subset aL^»\ iAyr *** A Oj bJ^i *A * B j A<^B 

, * 

01 jZA i ,A <z. B y»j JL I 4 J y»yj 

^ = {1,3} B={ 1,2,3} C= {1, 3, 2} 

B Lau> <C — 0 a L.^>1 iii >4 <C ^y> jba Bj A O^a 

■B = C v±w>>- C jj-o <JLv 9 I c«.«*) 

Venn Diagrams jS mIUU%* 

iLU^o oL-Lxj otii)l ( J£aj oLill <_£ yy+aj Jm«j olLJa^a 

.^jV..-aU iiiij CjLc>«JLaj 

JSaj c£>J-Vl olltfJlj JJai-*s Ji-b *aj JiAJ iULiJI iiill 
£-L A J_£aj (^JlJI i y>jSi\ 0\-* A ci B c-jVS' b^a .JjIav.^Jl IJu Ji-b 
Bj A ojLT b] . 1-1 (a) ^-* ^j-_s LaS* 5 ^jJi { j ^jJill Jj^b LoLc 

A _) ( JjL a a J I O^a La^jlu Ajz£j a j>,<a;p *}! 4JI ^j.vl 

. 1-1 ( 6 ) ^^SLii I ^ LaS* 2 ? J ( JCaaJ I ^jayb 1 f j& ( J^/ailJ 

*1 JL_>-jj‘ 01 ^aaII ( jA3 ( j i xsa ^1 5j /I colS" bj «JV>- <ol ^^Apj 
A ^—B (C^MfcJj B ^9 j^sbjJ l ^jiwu cLU jS*j 5 ^9 c—J L^lS3_j /! ^vsLlaJ 1 
^ ^ jL>-ji* ‘i/ j-n^Llc- JUa Li»lj JS* ^ l fr La «>J 

.l-l(c) JSLilL flj /l J ilbJI ol* JiAj* C^apj .5 ^ ju»-y Vi 
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1-1 Jtt 


Arguments and Venn Diagrams 




li| L# JuJ^J y JlSLil JLajci*-! 4j^i dUJJj JlSLiL 

.}! argument i»JI coils' 


jj L>: a U ( j_p i_jL £ l j-jt * - •■•“] iJLJ! ol o-j I 1.3 5J<Lt..-a 

["v^jUoJI ^‘^Aj y Lewis Carroll 4jJy# 

^y11 ^^JULo 1 L# y# < ya ^ oLwUall I5| 

.^j jLvaiil ys 

. Ijl>- SJuic ^ i)L Ijlfc ( J5* 0-l>-J LI 1^2 
. l) La mZ *M I y^l L$1 yL-U» yo yl “ifj IS 3 

yo ipy*x* j-i- ^ ilLl-Lfc 15 

Solved Problem 1.3 Show that the following argument (adapted from a 
book on logic by Lewis Carroll, the author of Alice in Wonderland) is 
valid: 
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5,: My saucepans are the only things I have that are made of tin. 

S 2 : I find all your presents very useful. 

S 3 : None of my saucepans is of the slightest use. 

S: Your presents to me are not made of tin. 

I ~ ■ »a. v:ii S ij 1S3 < S 1 UcJ I 

.S3J ^2 <S] jA 1 1 alai< iS lit 

.oL-UJI iii ia APjJUoaJ! .Si ,jj» 

^_Lp J l_x)L)J pi r\.s*a'.A 0 1 A oL*Ual! AJL 3 1S3 

.1-2 ixLioP 



1-2 J£i 


JLxJUj 0J-0UI 


ia ^yb (illj.i-u) 'its S 2 
.1-3 ^ LL^a ^Jlp 



1-3 J& 
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i—is tiUij AiL-JI y as>^j>x^9 L$jl jJ 1 y 

*-*y~ V3A Jl (tin objects) y <3Uai^» (your presents) (^JLIjla) 


Set Operations uUiJI Jtf. uUUjJI 

4 

.oUaJ! ^JLp ioL^Jl oLJLa-jJI y I^jlp ^juL juJI Ijla 

Union and Intersection ^Uullj 

£-y*r <—is y *Akj B y>j 1L <d ^ <Bj A yzti union ilxii 

ol <j\ B I jl /4 ,yJI 

Akj B = {x: x & A or x & B) 

aL>o*}| 1 ^ Jaki^o y 1-4(a) JSLi . "j /jl" o’ or \jjhj 

( JJLtxo A\j B 



(fllJJlko B j A iU.il 



i-4 jSLa 


its y f A n> B yJV> *i yj>_$ ,Bj A yxs intersection ^UUy 

d\ Bj A y ^ J\ jA\ 

A n\ B = {x\ x & A and a: e B) 

.JJlko Ar\B ^kUxJI y J aL^a y 1-4(6) JSLi 
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4—S3 A_Oj\—^J! ^j3 JlOl {jft 4»m*9%*0 l^il yo 

4-pjjLvsaJI *• l_-iSll (tin objects) iii yp a!( your presents) (^HjiIjl*) 

. jt m J U a ii l yo 


Set Operations uUJiit uLdUaJI 

.obJ I ^jIp ijoLjil oLLjJI y« Ljlp ^juL jjlJI ljuh 

Union and Intersection ^bxJV' 

£-4® y> *Akj B y OjJ L* -tJ yoyy <B^ A y* 2 a union iUol 

0 \^\B J\ j\A 

A u B = {x: x e A or x e B) 

d^g- y» JaL>^o jm l-4(a) JO ."j/jl" or L*j 

Jiki ^u5 



(a) Jlk. 5 J /I iUol (fr)Jlk- ^Ur 

1-4 J£u 


isi yA*/4nByo^lj4J j-oyj iBj A yjji intersection ^kUy 

ji By /* y« JS' Jl 


/t o B = {jc: x e A and x e B) 

.Jlko Ac\B ^ULSxJI yl U^j> y* ]-4(b ) JO 
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j^e>\ — vs- ,j\ OLjjSpm 'i B^ A uLS' 13} A r\B = 0 c-JLS' 131 

jJ- jjl ^j.vL/aala Ia^>I La^JLP JLb /I jji <iS" 

•C— {2, 3, 5, 7} .5= {3, 4, 5, 6, 7} ^ = {1,2,3,4} ^ 1.4aJjU^4JL^ 

. (d) i4 n C «(c) <0) A\j B 

Solved Problem 1.4 LeM = {1,2, 3,4), B- {3, 4, 5, 6, 7}, and C= {2, 
3,5,7}. Find (n) A\j B\ ( b ) An5;(c)Au C; and O) A n C. 

(a) A B = {1,2, 3, 4, 5, 6,7} 

(J b)AnB= {3,4} 

(c) AuC = {1,2,3, 4, 5,7} 

(d) AnC= {2.3} 

— L ^ o U U j u oJL'jj la»7 J> oljLalt 4 _JiaP 

.aJLJI ja 

.A B~ B J A r\B~ A .A c Z? : aialS^. SJbll ^UJl :l .2 4j^i 

Complements OU^uJl 

4_a j-i) oL_ii ^ U cJj ^ oj-o oUiJI 01 

iA c aJ jAyj «/f isili absolute complement 1 .U iULi 

o\ .A J! *ilj V JI ^L»JI its 

^ = {*: xe u,xe A) 

.ilitJ. A c y LL^o l-5(a) 

Oj_ji}l jl y4 4_jLaJU 4 a_ma) \j 5 4iiU relative complement ( _ 5 *-ull ^a.vaJI 
/4 ^1 ^yJl 4ii j* tA\B -> 4 } y^ A ^ difference 

01 f B J\^ ^ 

A\B = [x: x e A, x e B) 
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.iUkl A\B 1-5(6) JSLi ."5 \yL> A\B fei)l 













/^SsStSw?/ \ \ 



) 

.yWfciSSssSJIfllEjsi 







(a)JJJ^ A c r ^oJI (A)JIk. A\B 3j&\ 

1-5 j££ 


Symmetric Difference JjUjLU jjiil 

i^jxJ I 1 (A © B y»^ Ij *3 yaj» B^ A ^JjIaxaJ I (JjI 

01 (jl cr .Jj Bjl /l ^1 

A® B = (AvuB)\{Ar^B) 

l)1 oLj'I C*ajl 

A © B = ( A\B ) u (fi\A) 

: 0 U /?= { 4 , 5 , 6 , 7 , 8 , 9 } </l = { 1 , 2 , 3 , 4 , 5 , 6 } oils' 131 Wi 
./!©£ =[ 1 , 2 , 3 , 7 , 8 , 9 } u^i JULj <B\A = { 7 , 8 , 9 } ,/i\£ = { 1 , 2 , 3 } 



Jiko 31 


1-6 

• ( JJJxo y4 ® B ^ Jala^o 1-6 
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.iUIii A\B ^^ 1-5(6) JSLi .”5 A" \js A\B iiiJI 



(A)JJJi4 A e (*)JJJm /i\£ J>!l 

1-5 J& 

Symmetric Difference jjU^I J>UI 

L yJ I I ^ (jjSco Sj A «^i£aU ,Jj L«»iaJ I (jyiJ 1 

01 tfl • ^*4*^ BjI A I ^amj 

/l®fl = (/lu5)\(ylnfl) 

01 oL?| Usui 

A © 5 = (A\B) kj ( B\A ) 

:0^ ={4,5, 6, 7, 8, 9} *A = {1, 2, 3, 4, 5, 6} c-ilT li! 

.A ©fl =[1,2, 3, 7, 8, 9} oji JULj ,fl\A = {7, 8, 9} ,A\fl={l,2,3} 



jiL. jjUiJl 

1-6 J&& 

. Jik* A © B c 


,j3 iala-a^a 1 ~6 t 






Algebra of Sets and Duality AjuUllIj uUaJI 

l'j! di lLva j| 5 JlP |» AV^.1 Ij uLUp £jb oUi)l 

QSLi LiUi ZiL2>JI ^ .1-1 JjJ^rJl ^ <JU*J. 

.1-1 JjJbaJl jj-oljJtJI Oltill 11.3 

^ JLp oLi.Up ^-Ip u*1I cjL^aJ I toL*j I (j»«A> 1 

.4_)^LhaJI a: Lb jya;p *Ln^il ^ oUiJI 

plfc^JJ l CI 44jjlp 4 ajJ .4>«>iJI oJLA jWiyBjj il i<j 4 ^ j9 ^ Jj v wij 

</f \B) c = A c kjB SJbJt i^kJI oUi Su*i <oUAkuJl 

(A\fl) l '=(Anfl c ) c 

= A c v B cc 
= A c uB 

oUaJl jpr jei'j* l-l JJ-Lr 



Idempotcnt laws jyljS 

(la) ^U/l = A _ (/fe) ^n^-^/4 _ 

Associative laws 

(2a) (AUB)UC = AU(BuC) _ (2b) (AnB)nC = An(BnC) 

Commutative laws J*M' 

(3a) AVB^BOA _ (3b) A n B = B(~\ A _ 

Distributive laws 

(4a) A\J(BnC) = (AUB)n(AuC) _ (4b) A n (flu C) = (A n B) U (A n c; 

Identity laws jJ 


(Sa) A U 0 = A (Jb) AnU — A 

(6a) A UU = U _ (6b) A n 0 = 0 




Involution laws tJUd^l ^Iji 
(7) (A'Y -- A 

(8a) 

AUA C = V 

Complement laws fl*Jt ,ylji 

(8h) A n A c = 0 

(9a) 

U r = 0 

(9b) 0'' - V 

(20a) 

(.4 U B) e = A' n B c 

DcMorgnn’s laws 

(10b) (AH BY = A r UB* 







Duality 

. (26)j (2fl) <£-Ijjl ^y O-A-ia.) 1-1 ^y oLib UaX ft J 1 01 Jst»-^ 

.oLioll j*-^ j—9 itaLco E jSod .taivll Ijjh »waU- yelSdl IJUaJI o^l ^jJt3 

E ^_i 0 J U tf~\ ( J_S , 1 $_JlP yJl 

.E iliLxftJl J __.jyJI yO- (7 j 0 «o jj*^JL 

bJlAj \ 3 Qiwi £_a iJiLxo 1-1 

lil 4ii <_£l ^principle of duality iuLiJl Ijl* ^a oUiJl y 4 JLa>- 
1 y»■ I ^ a 1 (* «« 4_bL^Jl E* 0^3 AiUaXa y& E a3j>Ul« (_£ 1 C^ilS* 

.AAiUaVo 


JA)I IJlm ,2u*Siil utiall 

Finite Sets, Counting Principle 

4_alv-?sLAJl ^Ul*J 1 ( j —0 m ^lc- La vai L Oyi?-l lil 4..^.v.;.a l^il iiiJLJ (JLij 
j- ^ 0^4—57 ^ - j l I 01 ^ a) L>01 0 jla j*p y . ^, ■ 1L- ^^jlp /7? ‘A - ■.• ~ 
i_> jJbjuj'ifl 4_ijJI 4_iflJ 0 4—JUJI infill OliAS . (iJ 4^^La 

4_-j>-jaJ 1 4_iljLP^l iii Lajlo <i^Ao iii 001 £aj LajaLdS' 

.(iJl*; ^ { 2 , 4 > 6 >.} 

4 —till ^-i ^La*!! jjl_p ^1 1j. h(/1) notation ^y-o^l J .:U.vll 

.A 4 ^v . a1 1 

4 _ja A vj B 0^-9 y <vlyaiJ!^ y".. $ xia y_.wA 3 £j /l ojl5" IS! : 1.4 


/7(A lj 5) = w(A) + n(fl) 

* * 

/?(A) ilLjLfc J_>oj A Ljlp Vjl JL—«j A 'U B ^Up -Ui .Proof OU^Jf 
B i y^ 1 1 -*a 1 1 ^y A kj B ^y Sij^>-^AJ I ‘sSj*~ ^l j *°^ 

iy—>• y> B y_« ^— v^ic - jl>-O li OUdL^Lia A »A ^y 5 j yj-y» 
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o\s - A ^ n(B) ^JUa d\ (j\ A ^ 

. n(A u5) = n(A) + n(B) 

j 4 , , 37 :a iii y4 u Z? ^xis 5j /4 cJlS' 131 : 1.5 

n(A w B) = n(A) + n(B) - n(A n B ) 


.oUi 3 <tj U- ^3 (_5^ (Jjvax-U 4 ?<aiJI olft |»|jL>u^i/l ( j^AJ 

4.^;.fl <a kj B C o^i 0 U 3 C *B t A dol^ 13 j : 1.6 j?xL# 

#i(A u B o C) = n(A) + n(B ) + «(C) 

- ;i(/t o B) - n(A n C) - h( 5 n C) + «(/4 nflnC) 


uUujj^jUI <(£$211 u(j£ iuU&l 

Classes of Sets, Power Sets, Partitions 

4_19 1 1 3j laVt L_oU 4 ..<S I oliill do JL>JI IJ 4JS3 S' dolS* !3j 

va9 j*_ aju' j*JL>wwJ iJjo L-oijia./gl d»Ji>*J ^ aJ 1>J I olft ^3 .d»liill 

jfl -*> j 01 Liul U^jl 131 .oLtill 4ii jj-c “Jju oLtill ^jooao' j| oIxaJI 

j! ( J, y?3 jj_P ^_lSd L_o^ 9 oliill ^jjo .,<3a)I lift ^jS oUlil 

.subcollection jl subclass 


Power Sets <Sy&\ OUi 

,S 4—^5j»JI obill JiT L ^ M ai ^ f*l^i 01 ^^a- 3 5 4iiJI c..U pI I3j 

d-oLS' 131 .Power (S) aJ y»j *3 S iiiU i *3 i. J^aiJl 11* 

as* opjA 2 ^ft Ift j Llp ^Jlpj ly*-* 1 4 ^“* j ij^^j Power(iS) ^ ^ 3 ”* j 4 «ls 5 

01 (jl w(5) s^iU 


«(Power(.S)) = 2" (5) 
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Partitions 


4*5 js*- oUi | 5 4.*all |» <.*aV jA S ij^i 4*1 l^- j*£* 4*S S Ojl5” lij 

Collection IL~Pjaj»i 4> j* S 4iill o^i .SJLaiiaj 4*1 U- 

S J* 4*1U- > iJjar obi ^ K} 
Jr* o-A^-lj ^a. v * j oe5 jvaip (i) 

4.1^3a;,a {/ty} jjA oUiiI (ii) 

o /4j = 0 0Mi*4 lit 


JiAj 1-7 JSLi .Cells Ij }U- .j partition ^ 4*5 j»JI obillj 

</42 *A i L 'X-p- 5 ^1 j .liV.i.a ^ic- 4*dli Jj3 Ja*iaa>*y 

■ Asj A 4 



3-7 Jli 


Generalized Set Operations OUiJl ^U- 

* 

c ia.=5i ^Jip' UlL_^ oL-iali iUi‘^! o LUp * y^i jjil 

J i Ia^-m ^ ^ riM ^^jIjLaJ! <^«Xp l^jLJ Lv jJ i o JlA b) ^ ^Skaj^ 

:JU1S- OUi ^) > 

* * * t 

a Jk^J ^Jsl&Jtj sU^j'^l oA m e c e c <y4 2 </l| obail ,V IjJLP 'Vjl ^Caj 

^Jlp ,_jlbHS* 4j jAfi, Obill 
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A, o A 2 u ■ ■ ■ uA m = , A i = {x:xe A i for some A;) 

A { n A 2 o • • ■ nA m = n™ , .4,- = {jc:x g A ( for every A,-} 

^1 ,_ y U- ym-> liilu ya ol 

.oUill ^ J} ^a.v;7 j+ 0 UxJI viJUb' ya Oj^O. «oUi)l ya 

ASy^tx, J! jsa[x*i ?>i>liJ IJ 0^3 (OlxiJi yo AS-y±>mja ^1 A OjVS' 

H lM Oliyo. A 


u(A: A g A) = {jc:jc g A for some A g A} 
o(A:Ag A) = {x:jc g A for every A g A} 

ya JaSfl ^s- SJc»-lj y^' JJUj ya jUo*^l 61 

j jJ! liAJj’ ya Oj^Jj LiJ 1 j «A Afr yj >>JI y olxiJI 

• A as- 1 y oliill 




Functions and Algorithms 

✓ 

<U2jiil JljjJI .(Ijjbiil) jlp-IjJ jj-Ij JljJJI ✓ 

JljJlIj (5>*lil!) 

JllmjjIajUI JljdJIj AwVl Jljdll f^UidUjJf JljJJI ✓ 
uUiil V*ai J^lj uLuLbUI ✓ 
UjljGlijail JljJJI ✓ 
JtjJLhj ✓ 

Functions jiijji 

U^-i B 4_JLail J-0 I J valp j-^aJLC- LaJ IS I 

/4 AJLoj 1 .B 4iill ^ I A iiiJI function <)ta ^yA—o ol ‘>w» . j I eJlA 
. .^ 1 JLLJI ^a.^' 5 i-tallj iJijJl domain JjLU; 

.aJIjJU codomain 

* 

f:A->B 
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jO f" j' " B J\ a j* iJb /" iy&j 
’/of a" !/jX«) jU a g A o\£ lil ."B J\ A 

Q j f 4JUaj ^ >1 ) I Z? ^9 I ^**<1^*1) 

/ 4_aJ> J I / G' O-J ►o' £7 "jj -/» image jj 

jl _o range l _^—^>' jj-**) 1 its .a Jap 

Ran (_/") I4J A —> 5 aJIjJI ojj-«^» •f 

./04) jl Im (/) jf 

. , , w + 

aJIjJI ^*au < .4 a*<»\jj 4 *<1 ya> aJIjJI 4j| «—sjjjcaJI 

AjLcSo aJIjJI oilA .iJL*Jl UlA ^ iJP 



j' f(x)=x 2 

j >-“ill v_ijjjcJI .aJ 1 jJJ jAji,f *—l j j ^Jcud \ x tJj *jM aj^jcJI 

^JcoJI «j. >> j independent variable ^a x 

.x ift-i ^yip jus*? y p-i 01 dependent variable 


« ♦* 


Hr 


(3 1 Li (jl ^y 3 j^-~A> l (X j sJd AJ 1 il^Jb 4w_..sg> aJs— l^j aJIjJI ^la*,'»' LoJOP 

r ^ j-j*. sji j-ri ji (aii j^P Jb jvJ L«) R ^jA <3 1 jj I 

• R ^A i^c>-1 ya»J I (JjbajJi ll*aj IJ Gy^*A Ob) 4$yco 4 a .yal 1 ^Jju**!* 


Composite Function 2 u£jil Jdl 

^_*/iJljLU ^L^A.11 Jliau.ll g: £-> C J /:^->5 JIjjJI 

(^J *yg>«j') v_^ jT jjT l5 a..,. V C 1 /4 e Ju Ju»- ill.} i»3 .g XJljJI JjUaJ 

rjbus' go/^sj g *, f 

(r/)(fl)^^)) 
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( JJ -**>’ Jl) f" 0* ^ /" 'yk'J 

’/of fl" Ijli a g >4 jir IS} "B J\ A 

a J yg 1*11 f 4-JLiJI.V _11 5 ^ Ju^-^ll J .^3‘j.lJ jA 

f JI f jii> 1 ^‘- ,> < - y « 5jj —ms image jj 

jl _ 0 range .->' jj_*aJI JS' iii .a julc- 

Ran (/) l$J /: A -> B aIIjJI 5jj-^» ./ 

•/(^) jl Im (/) jl 

^ « 

^ I a) I jJ I ^mXi t ^Iaa 3 • Lj 4431 jJ I j^ju 4j| 1 ^jjP 

4jUSo ijljJl oJl* ^SL*j IJl* ^JlP ^JS" 

j>i Ax)=x 2 

J. VI 1 OjjJcJ I ^9 .ill jJll JjO y f <^3J>mi Ij j^JlVA. 1 I J)A JC Oj VI I ^4 

^LsJI ^_Jco&J I j. y j independent variable Jiiv .-a. 11 ^^JcuJI ja jc 

.x 4 aJ» ^Js- Juiw ^ jl dependent variable 




(3l—laj 01 { y»JLjit 1 ■«}» <JC 

■1a 11 aJV>1j aL. „jj. aJI jJ | LsJUP 

R j-. a—s>r ^_ri j! ( 

dliy Jb |J La) R ja a3 1 jl5 1 

.R jA lyaA.l 1 (J3 LtajJ 1 Uu Ij oli) A3jMJ» 40*^11 < Jaj^u > 


Composite Function 2 USj*l 

j_a/4JIjlU jUaiJI g:B->C j f : A -* B JljjJI 

(j <y^'»c) >_. ^ji ^a— j' C (_yl} /4 oJbJ^- illj i-3 jju .g illjJl (JLUj 

:, Jbu^ gof^^j^ g 3 / 

U°/)(a)-i 7 (/(i;' 



2<5 






,g f(a) 'ijya S>-y ^->* ySJIjJi 4.lam\^i Cl Ojy*? Ss^y ^ I 

j. «*:»\\ j v^:p J_£l jjju A J\A ^ iJljJI d\* iss A c-itf bl 
ikL~j jt 7 ^, _j l$J >o^_5 /4 l? 1 p Identity Function Jjlkdl iJb y 4-~is 

l£>-' «L>W*i 

/ A (a) = a 

«/: /l —» Z? Sib ^1 
/°//t=/ and j B of = f 

^ Sj /f ^ (jjjlkJI ,yJb I H 3 I A 

(e>*UJl) 2 uSjdll JljJJI t (luUUO Jp-Ij JljJJI 

~AmSjuX\ JIjjJIj 

Onc-to-One, Onto, and Invertible Functions 


bl (l-l v_w4So) One-to-One jl^Ij iib l$J JUl/:,4 >5 

0 iSj^ I djUjaj^^ ■'vAJU^^ jy& A ^ULJi ^3 i*ivv*A JI j ■<? I 1 cO\5 

a = a' 01 f(a) = f(a r ) Ob b} JLj IjJ a* t j / 

j-. -axP' 6b" bl Onto (e^Lc) 4-5^3 ilb JUj _f.A —> 3 illjJI 


S jja\ b- f \ A —> B Of£> (_$'.A ^3 Lo ijy^ yt> B ^y> 

. f{. A) = B 01 <JU«aJI J5” ^ / Sjya c*jb lit onto (iiji) 

.B L? 1 p /I jl Z? Onto /I iib /01 SJUJI oJl* ^ J 


g: Z?-» A 2Jb oJ->j bl Invertible 4 I 4 J JU>./:^ -> fl iJljJl 

.(g) iJljJI oJLA J \p- y °i! Js ioUll iiUJI ^ f°g~ h <g°f ~^a 01 

*i < Ok ^*«a f 01 Jl—<u JdJLiA if 1 L$i jajty 5JU’ J SJ b O-JLv-j 01 

* „ 

.[nveitibiiity , Jja tSCt.j^U i-iiUJJ iJbJI 4j.jJaJI Invertible 



j _s-lj / cJb' *lil Jaijj #bl 4^SJcj» f\A^>B SJIjJI : 2.1 ibjlaJ 

.Ua iJj9j 

jjiLjLi' iJb (^4—j‘ f Oi-i 3 —Jjsj jl^>-I^J -is-lj 3Jta/: A —> B oJb' 13 j 
y» tJjycJ! lift .Bj A one-to-one correspondence J^-I^l Jb-lj 
Cw.llj B Ji» LjLo j yalP v4 ^9 ^.ya■ c- 4i1 

.jJaljull lift obvj'l j _/* * 01 bb” . C^ul 

WujUjLN JljdJIj Wtfl Jljdll Jljdll 

Mathematical Functions; Exponential and 
Logarithmic Functions 

C*L*ojjl^ft«Jt ^j_9 l^iS' j^la.V ^yJI <ostf»UjJI iJl^jJI pJLdi JUlJI lift ^9 

.La^Juo <5^L*ilj <La^jLp^1IIj iw*Sfl (JljjJl Ccul jjlsbjj 

Floor and Ceiling Functions ciiJlj UJli 

# ^ ^ 

I Oj 0-?.^ 0-* £-*i * LJui*- bJp x Ob' IS! 

< Ju Jl>wJ L> .x 

.x ^ Jbj> ^**^9 ->-!£• ^b'l j»j>3 x j-uJI floor ^jl ^jA—J Lx J 3Jljdl 
.x Ja i-iP J5I ^1 jAyj x jJkJI ceiling <_aa-, LS ^' Txl 311-dl 

.LxJ + 1 = |~xl 0j& liJJi Jfi- Txl = LxJ 0^9 b-LC- X Ob' 13^9 

Integer and Absolute Value Functions iflUx«Jl io-JiJlj Ldli 

INT(x) v-—iSoj integer value x iib O^i * L5 i*i>- *Js- x 

Mui o-uJI ^ fractional { j_ r SS\ *.^*JI iJia^u £*»*-*» n* x 

INT(3.14) = 3, 1NT(V5) = 2, INT(-8.5) = -8 
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£ 

.□L. jf X OjSl Uij INT(x) = M j! INT(x)=LxJ jl 

I x I jl ABS(x) x ^_<Li>- i-Lp absolute value iSlLJl aa*aJ1 

(X ^ 0 f ABS(O) = 0 ,—x jlx jS\ l$jl ^s- <J*yti 

.CJL* /\ [Lryo X Oj& Usj ABS(x) = -x /\ ABS(x)-x 

|-15|=15, |7| = 7, |-3.33| = 3.33 

.A-^-j* Ixl j)i X * 0 p_Ji)j Ixl = l-x! ol 

^»UJl J ^iUl aJb 

Remainder Function; Modular Arithmetic 

f f * * 

0^3 liJLP M i-LP ^1 k oir 13) 

A (mod M) 

< M . Ip k a a i -*> vs L*J 1 11 r j J m J I ^yJ I M LJm k 1 j-aj" j 

c.~,<.■■.:>- ^ I 1 i -La) 1 k (mod S/f) 1 Sj Liajj 

k ~ Mq + r where 0 < r < M 
^liAi .r ^LJI (^yip M k Ul^S iL>-y> k jl^ 13] 

25 (mod 7) = 4, 25 (mod 5) = 0, 35 (mod 11) —2 

.r' ^yiLJl ^jJLp M ^yip \k\ L-Jji ll)L* k 13) 

j)i Ij-fiJj .rVO £~r>- k (mod M) = M-r' 

-26 (mod 7) = 7 — 5 = 2, -371 (mod 8) = 8 - 3 = 5, -39 (mod 3) = 0 

^y-xJlj L y*tf»l_J^l JjjlkJl AS^U- L ylp a) Jli) Ca> 1 f JL>«£w (mod) 1J 

^yJb IaS* l_9 jJ*J 

b - a M jlS' <13) Jaiisj f 13) a = b (mod M) 
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b a” a = b (mod M) ^wjcdlj «moduIus ^LSaJI M lj a— jj 

U—1 Jk UaJI as^Lpj .(o is congruent to b modulo M) "M ^ Liu> 

4 JUI 


0 = M (mod M) 


j a ± A/s a (mod M) 


oLJUjJI La 4j -L*aiL . arithmetic modulo M M^Liuj 
4Xoi I ^jA <i 3 ISLJ l Ij ij Joj' <LoL~>J I 4><k r Jd31 i_^jA 

{0, 1,2,.A^- 1} 

iiiJl ^ jl 

{1,2,3, 

Exponential Functions Jlj-Ul 

(t— q»i> iJLC- /w c,^>) .,(^11 3Judl 4JUI 

1 


a m = a-a---a (m times), a 0 = 1, a m = 


a 


min ^JLp I <_£jjlU ^^aaJI IJla p-tAAj ^j£aj 

fl m/ " = (^) m 

jl ^£aj af(x) = a x *a> 0 o-^*~ a ^L-bU iJljdl 

c.—cr v = lim c7 r , I limiting process x 

r—>x ' 

.rational number tjj~S ^JLf- r 

Logarithmic Functions ^LasjjIPjUI Jlj-Ul 

» # ^ * 

1 Lp-^J ■ l I ^. t -P 6 LJ (S* IJ O L.‘»m 1J LpjU I Jra. 1 

‘. , • - ^ > b \*M ^ 4 « .«■ .I L) X 1 „| ■ 0 ^ -Lp 

log/,* 
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(jl •x (Jjh^uxJD b iJbJi LS^ 

b' = * J y = log, X 

_**# I 4 _] i Jj 1 ', . ^ p 1 Og, O i LaaI 1 0 JlA »|j \jtd 1 ^X 0 j IjAf Lft A 

<i2l)i 'b ,j-.L-bU 

2 3 = 8 jV log 2 8 = 3 , 10 2 = 100 jSf log 10 100 = 2 

2 6 = 64 oM ^ 64-6 , 10 _3 = 0.001 log 10 0.001 = -3 


Oj£i. b 


b° = 1 jSf log b 1 = 0 f b l = b jSl log b b = 1 

j*£- j a ./a) 1 j«Joj Ic-jJ j t_JL*JI <jl Ja>- J 

uUill 2 u*ai uUulXttf 

Sequences, Indexed Classes of Sets 

Ij JljjJI l jA ob-^J Ia-A O \j, a U <L^j ^ a a U ijj yaal ij oUuLx^aJI 

• l yoj 1 - ^ 1 I j f L ii tf I oJLA I « 1 1 IJla ( ^8 .1 A ^ 1 1 J1 jxJ I 

Sequences OUjUsuJi 

.A Jl ^*>U N= {l, 2, 3, ...} ixiJl ^y. SJb ^ 

L^J J- 0 ^. 4juL«aJI .n ^Lp AJ'iljLU £Z b J*oI 

uk ^ 


a r a 2 ,a 2 , . . . or (fl n :«e N) or simply { a n ) 


iljL-pbU ^j—o {0, 1, 2, ...} 4_JLoJI j_* 4 _hjL cOoJ 1 < i i ^ju <J)UaJ L>b>-1 

» , < 

1jl_* y w o) 4__R>JI ojjb .N 4 JL—Jl j*& d->~ ,r*w ^ \ | 


* 

. 1 ^jA ^ Jj 


- 31 - 



{1, 2, m} 4_ii)i SJb ^ A SsiJ! finite sequence IL^uaJI iubiJl 

ixV 4 .^v;a 1 I QulaJIj • tfi. «2, ^3, ...» d m 0.%U 1*1 y>j"$ A Siill Jl 

* * 
.(w-tuple) j-^aiP ^ jl list i*5l 3 liL^l 


Summation Symbol, Sums t Jaj 

a,, a 2 , a 3 , ... c-iL^ bj .(sigma X y>j L* 

^.1./? l>- ij^ <4 ajI~;v^> 


Qi + cij + • • * + a. 


a m + a ,n+l + •■• + «» 


j*J.. 

JL n 

X«, j X a j 

2 = * j=m 

jJcuJI jl dummy index ^^aa^II JJjJI i c 5 * J 

.dummy variable 

Indexed Classes of Sets OUiU Jj-AflJl 

SJb d\J <oUill j-c S_^a^ S cJLSj UU- Sm / cJb' til 
j-va:^ ./ : / —► S' SJb ^^.jb 5 (^yJ) / ^ indexing function 
I 4 J UI (j^Ao. / ^$iJ 1 SJ b O^i Aj f(i ) cjj-*aJJ l»jAj 131 / e / 

{A} ibL*-j jl {Aj} ieI jf {A-:i e I) 

f CJ \£ bl .indices Sbl / ^»Lpj indexing set S—^^l Sii / SiiJl ^a. m 7 
./ 4 + m 5 ll)j lj^4l J^l^l Jp-lj Sib 


Recursively Defined Functions bjIjSS 4 ^UI Jljdtfl 

Ob' bl bjlSii j*jo Sib l$l tjlflj 4>«A>«*iall ^Ijlp*^1 ^0 Ssi ^yle- SiiyuJ l SIIjlII 
SJ I jJI i_i— jj*j <j^a bjjb Uj^>. 4... j; ^11 ^rji. SJi-tll i—<Ljju‘ 
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loUJUl 1 4 J ul «g»>. 

base p-iiJl { y^>' U arguments ol_ r J»*# JU* uj£j ji > r ^>*>. . 1 

. —as J} aJIjJI l^i £*-y ^ values 
<LJIjJI j *. j» v a 0^-^. oI 1^} i3l-iJI y 0 j^o ^JS* . 2 

.i*-*L-Sn p_JiJI jyl 

LaS^a L-ajjju* 4_9yu L$_Jl JLjl L_»«JI ( yj‘L_* ^_a 4jjI yjJl aIIjJIj 

.^UaJ! eifc £*>y 4Jbdl ili«Sfl .well-defined 

FactoriaS Function ojj«£*Jl 

inclusive^L#Li n ^J\ 1 jj» JLj^aJI ^Ijlp^I J-*»U- 

Ol t^i *w! A jAji„ SjUj "n factorial” n 0 

«! = 1 • 2 • 3 ••• (n — 2 )(n — l)n 


.0! — 1, t_ijjo <<JL*Jl y 4>«.>«va3i ^tjuc-^M as jjuj 4 JIjJ t O^j' yt>- 

JULj 

0! = 1, 1! = 1, 2! = 2 * 1=2, 3! = 3 • 2 • 1=6 

4! =4 • 3 • 2 • 1 =24, 5! = 5 • 4 • 3 • 2 • l = 120 

01 -h>~ 1 1 j j 


5! = 5 ♦ 4! = 5 • 24 = 120 j 4! = 4 - 3! = 4 - 6 = 24 

# # # - * 

(jt (_$ l </7 <—*>-y> ^JlP ( JSj IJlAj 

«!=«.(«- 1 )! 


Coj. I aJL twijjAj' 

(vyjjJa<Ji i!li) 2.1 iJtJyw 

.«! = 1 o^s « - 0 c-JlS' 13} ( a) 

.«! = n-(n - 1)! n > 0 c-ilS' 13} ( b ) 
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Lp 1 ^ i-jL jjO' j^A /7! a) 1 jJJ I Jla U1 Ja>* j 

:JU- i I Jp .(«-l)! 

aaJ* j^a 0 j! ,_jl) /? = 0 -Up as-Jo oIU*a «! aa-3 .1 
ls-^J n u-° j-*-* Si! A-a-JilI pljL>«£_-«lj A9y»A /? iJp «! Aa-$ .2 

.0 L-k ^1 4 Aja' 1 ^jjo V-. jJb I 

„ s 

.well-defined Ujyu as yu> 3Jta j^Sj 

Fibonacci Sequence .JLJUj^d AajIua 

•<_r* ‘(Fo> Fi_, F 2 , ...) l$J jA^j aajIua 

0, 1, 1,2, 3, 5, 8, 13,21,34, 55, ... 

jJpJ .aJ Jl ( jjJl>«31 jA ij^j" JL»- = 1 *Fq = 0 (jl 

LaA A*J L v .- A 1 . 1 . ‘ y*...l Ia) I -L>ml 13 (J 1 , ‘ i * .AJ 1 

55 + 89= 144 j 34 + 55 = 89 

aIIjJI oJl^I iJSLiJl ApL^aJlj 

j-J 4 juUsa) 2.2 <Jij jAJ 

F n = n o^s n = 1 jl n — 0 oil^ 131 (a) 

F„ = F„_ 2 +F„. ] o\s n> 1 cJlS" 131 ( b ) 

11 i fr 4 1 ,»l (—A—i^ wvl I 1 J *■ *>* <1^S3J 1 LA j ItxlJ j^- 1 J 14a 1 Jlaj 

JU- aj 1 J.pj .F„.]j F„_2 JLaa^-1 

. 1 J 0 ^yA AuaUu'il p ...fl 1 1 .1 

fp «. 

Vj-*! L^b n ^jA j» .s A> l p-ctf) ^ljj»i. . i)ll AA-Ji .2 

.JL-L-^l p^1 Jl 

t * 

.well-defined US3 »*a liyu A9yu> aJIjJI oi^i JbJLj 
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Ackermann Function ‘Ul.i 

L>u»wa) I l a^Xa JS {jtjJcji ^ ilb ^ o\J^\ ilta 

I^ilxJlS' a31jJ1 oJu .0, 1,2, ... 4*3 bJ I 

(OU^I aib) 2.3 

.A(m, n) = n+ 1 j^a w = 0 c-JlS lil (a) 

./!(/«, n) = /1(m - 1,1) jla n = 0 ^£1 m * 0 cJlS lit (6) 

.A(m, n ) = /4(w - 1, A(m, n - 1)) a^a n * 0 *m * 0 cjVS lil (c) 

<(6) ^3 4 _»ii ^ j J.. *—^.^**33 C.* «■'>- iili o jjb ejjo 

^*j 1_*-*J 1j .w = 0 1_ o JiiP k is i_>-l^ kjv A(jn, ti) tj I . (c) 

3j3 3 ^a 4 * * « (** 3 

(0,0), (0,1), (0,2), (0,3),...,(0,«), ... 

,^5^ A(m, n ) ^3 4a_j j^a <ii3i j-o ^jJl 

^ I J I ..t. . . •*» — IJ J—IP’ aJ I jJ I p *3 4 Ja i u jA *if I I ^ 3 g !C- ^**jcJ I 

.4**-L^3 c 3jjVl 

Algorithms and Functions Jljddlj uLwjjl^dl 

A-S^jcftJl 4*3 (xXaJ 3 4*-frX*.o AajU ^A M 4;Ajjl^>*Jl 

l$J /aJIjJ /(x) output £jUJI «'Mo .4ju*jo aJL-jo lls^o U.yO‘ 

OjSo. oi £jt-iJI ja .(p_J»3t tjA 4A9 jl iaJla OjSb' j? J^aj. x) inputs Ja-IjlJ1 
.4*3 1x33 4lifl*}Jti ^c^ays jA Las' tf(x) ^JiS- 4AJ._ >r b ^jA J& 3 JliA 

*sl — Uju> o j.f(x) ^£xJ .ita£ JSS- ijJLpxJl 3j-iS" iuJj ^^***0' 2.1 Jli* 

. Ia jlxp /(a) ibo, I ^JLLJ I 4a_a3 1 x = a 

Example 2.1 (Polynomial Evaluation) Suppose, for a given polynomi¬ 
al f(x ) and value jc = a, we want to find /(a), say 

/(;t) = 2x 3 - lx 2 + Ax - 15 and a = 5 
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x = 5 4 —\j y>yA 4 JUJI eJufc ^ :Direct Method 5j-iL<Jl <uijj]aJl (a) 

^Jlf- Jb*i I 0 j JjS* j^S 0 La 

y(5) = 2(125)-7(25)+4(5)-15 =250- 175 + 20- 15 = 80 

oLU 3 jJlpj l-j oLJLkP 3 + 2 + 1 — 6 ^ Jlp Ja>- 

^ Jlp 0 La /? 4l 1 ^y> i j 0 a ft i. t ^ U>v. 1 i_ ■ 1lavi 4j> L*J 1 iJ L>*J I 

n + (n-l)H-1-1 = —-- 

' 2 

. Lj jifr £a->*J I oLJU^- ,j4 n JJLpj i_-»^sill oLU 

JaU x ii-L 5<>US' Ju*j :Horner’s Method jjj* ^kj 0 (b) 

fix) = (2x 2 - lx + 4)x -15 = ((2x - 7)* + A)x - 15 
/(5; = ((3)5 + 4)5 - 15 = (19)5-15 =95- 15 = 80 


^l>x> l boJA-PJ 


\ - 11*8**^ l3^u 4j1j /7 ^TJ* 




«multiplications and «additions 
i»-j oLJU j - w j L - , Wb p w 


CjjAj 5^2iLaJ 1 ii^lall ( jA op. LiS" 1 jjj^A 4 jL jja 01 £t4iXJ viU3 ( jysj 


a jj-Sy (GCD) 4 J yj>y iij2-£s*Jl j^liJl) 2.2 Jli* 

a. ^iUM d = GCD(a,b) jLa^j I l->>j-LLa 11 . ^Lju b < a 

IJlA (Ja-S' 1 ^£aj <3 J p-k*'SM 


Example 2.2 (Greatest Common Divisor) Let a and b be positive inte¬ 
gers with, say, b < a; and suppose we want to find d = GCD (a,b), the great¬ 
est common divisor of a and b. This can be done in the following two 
ways: 
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a -i-i—*Ji i*—ijS J—*rjj b* :Direct Method 5j«iL*Jl SJLjlaJl (a) 

p_y .b jJl-aJI p -ijft ^ .a•*- viUJlS^j <<?/2 _ a>- 2 iijLpSll jLxs-L 

a = 258 .^yJUl <JI£aJI ^ LaS* pJaf-Sfi *^-*.11 p^ LsJI jb>«j 

I^yb bj a j*—lj5 ,b = 6 Oj 

a = 258; divisors; 1,2, 3, 6, 86, 129, 258 

b = 60; divisors: 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 60 

,d= GCD(258, 60) = 6 Oj& dU jbj 

J—u»«jJ b Lf -i* a p^-& U#> :Euclidean Algorithm voj'y- (^> 

r 2 (_yiLJI (JLp /*, ^ 6 p—pi r, <6 jl n ^LJI ^ 

i-i-Jl—sJi ^Ul r 2 r| p—JiJ jAJi JL«JJ .7*2< 7*1 ul 

J—*a>*^ r k+ | ry 4A-.a» JaaII Ula ^ .r 3 < r 2 ui .r 3 

oVj .r k+2 ^ 

a > b > r t > 7*2 > t - 3 ... 

.tv, = GCD(<7,6) Oj-SLJ .r m = 0 ^,-JLp j/^l y-T ^ uij-i 

pi .6 = 60j a = 258 Ai-b « ^Lui 

.r, = 18 ^LJI jj£A b = 60 JLp a = 258 p— i (1) 

•t* 2 = 6 ^LJl u>jSAi /■, — 18 p A = 60 p (2) 

.r 3 = 0 OjSAi t- 2 = 6 JLp 7-1 = 18 p— is (3) 

.r 2 = 6 = GCD(258, 60) pJiP^I AjZZ*}\ p-Aili y> r 2 0j& dJJJbj 

l j-o . Ljb i^jJuo LJ _i <JlU 4ii ^ A cJIS' b j 2.1 il_^u» 5JU* 

./l iJb iJjmj otu^cdl 
* * 

.<aJUjo Jua.1 v ( b ) .« jas~ ,j**i jua. I v (a) 

•0*' ft ^ (<o 

•(^Jj jO <=rjj 4 Cr^ (*) 
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Solved Problem 2.1 Let A be the set of students in a school. Determine 
which of the following assignments defines a function on A. 

(a) To each student assign his age. 

( b ) To each student assign his teacher. 

(c) To each student assign his sex. 

C d ) To each student assign his spouse. 

a JS' Ob' <b! J aisj <b! A iJb jj£i’ ob-^cJI ap^aa?*a 

J U Lj . aJ 

. I a aft _b>-^ JuaJLj tj *i! aJ b (tf) 
jir bl x)b Jois Jb~lj ^ 4) JuJb- JS' Ob' bl Alb ( 6 ) 

■|» lu jiS" I ■ a 1 > L c "i 

.iJb JixJ- (c) 

.dUi Ijlc- U-i <Jb Ji*Jj ‘gjy* y* L)b* bj <iJb J£aj ^ ( d ) 

^ ii yu» h\ C —> Dj <g: B—> C i f\ A —» B JljjJI 2.2 3J 

.onto aJ-j3 2Jb ^ Alb oils' bit* .2-1 JSLi. 

Solved Problem 2.2 Let the functions/: A —» B, g: B —» C, and /j: C-^ £> 
be defined by Figure 2 ~ 1. Determine if each function is onto. 


A f B 0 C A D 



. A ^Lp ,j-e 3 g 5 jSl aJjb o—J /: A —> B aJIjJI 

. B ^y9 j ■/? * P f ^ ^ oj^s<3 *■ .. . I Z € C U ^ AaS^jS 1 .1 g! B —^ C aJ i jJ i 

.C ^ jl ^ai*i 5j^v» ja D ^ j*. aie- JS" jV aJjs aJL h: C —» £> aJIjJI 
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&& ! JjaaM 

Logic and Propositional Calculus 

: jiAAit iua yi 

2juuL«Vl AutaJ^I ub.U*)l \/ 
ul^idll Li Lilli %/ 

uUaiUdJIj (3 UjIJJ! ubl^l) Ututl ubl*A»l |/ 

uii»ai £Uutl ✓ 
bLadJi jvr ✓ 

2jbr>£il uuij 3Lfa>iJI jjjlijJI ✓ 

g**N 

jIjmVIj bluuM) SjjjjAltl JljJitl |/ 

ej^UI jjjl£UI yii ✓ 
yJflbjJI £bUUU»VI ✓ 
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Propositions and Compound Propositions 

Uj**> UjSo' 01 ^>=r ,y* statement or proposition jl 1 

:iJUI y&o j^ixj .Cm jj-ij'ill false Ua*- jl true 


.9 <6 (v) 

.x 2 = 4 ^ x = 2 (vi) 

?V* li c-Jl ^.1 Jj (vii) 
J^pI (viii) 

ju^r ^ (vib «(ii) <(0 viAJS ^ ^sSl 


. I —iji ^ £& ^ruC (i) 
.1 + 1=2 (ii) 
.2 + 2 = 3 (iii) 
.iljUjijJi OvJ+1 (iv) 

.(viii)j (vii) Ijlp U « 

.Uai_ (v) «(iv) «(iii) Ujlo ’Ls\^» 


Compound Propositions 5-TjjjliJl 

4__Apy ^Lii' [ y^> 4_JjSlo l$-il ^1 composite a-jS' y> 0j_So* 

.\_A9>^ I^jlp iilxitAJl JajjJi oljil subpropositions 

Jli .compound propositions i-S'^ 1 ^>Uj yj**-» ^UxJI #Jla J±a 

b| Ja-J ^jUi *siy*z (*J lij primitive Jx~o jl 4it 

.composite CSy> j£> 



’tiar'l U 

• w 

\ _oL&j ^ j_ s*%y L§J 

t jjj .^11 AA_j 01 <*£*^aJI <LwjL-* i/l <U^»L>*J! 


»j-A luj I4J pJ ^1 i 

liL^Jaj 1 £0 L^j* \i<>—>1J^ya) 1 j*-JL 

* _ . 

■> aJ-> 1 jLJ LaxJ 1 O^^xJ 


Basic Logical Operations 2LuuL«Vj wLUal) 

(j) <■ i la* 11 i^L-l oL-JLxp section julJI IJla ^iSLj 
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W Ji>w ij 

Propositions and Compound Propositions 

£ £ * 

UjSj 61 SJLj*- ^ statement or proposition 4**ooil jl jjycJI 

ISJbJl ^UiJI JapJI }Lia ^.x»; .iLo false U»- true 


.9 <6 (v) 

.x 2 = 4 iJiU-JJ Jj>- x = 2 (vi) 
cuil ^.1 Jl (vii) 
IdL^rlj Ja^I (viii) 

juU? y (vib ,(ii) .(i) dUi ^ j£\ 


. L-J^ ^ £Ai (i) 

.1 + 1=2 (ii) 
.2+2 = 3 (iii) 
.JjUjIjJI l y ^Jij‘ (j-J'-J (iv) 

.(viii)j (vii) Ijlp to *jjjtSi' Ifr*-***- 
.Uai- (v) ,(iv) <(iii) U:*> i*sLo 


Compound Propositions aS y^\ jijliJl 

4_y jjjLai’ <jj£a l$_ji ^1 composite 4. jA Uj-So 5^*-^ y_)L_2y 

* \ 

( _yJ l UbiuJl Ja^l oljil subpropositions 

JU> .compound propositions ‘iSy> fcjlS? y~s oJl* J±a 

IS} ^1 jjjlai ^J\ 4 zSjs*s jJ IS} primitive la **.• jl 4jj 

.composite Cs* y> pJ 



\IS ! 


jtjt-Ssftb0 _a- 4iJ 4i!' 


; s|jOfeij HSLiVLi^i %*»UJ 11 


Basic Logical Operations 2u*gL/tfl SuSfau^t 

O «. a La It ^j-a 4 -_—L-l 4 . ..ala: a oLIap d> ys section julJI IJla ^iSb 
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negation (^-J) disjunction (ji) J-vaiil ^conjunction 

."not" /’or" «"and" oULCIt 4 jj*L>*; , )II iAJJi ^ ky-Jydl 

Conjunction p a q p a q 

^ —““j. y iXj^ ( an d) G) Uj> u^wj t s*\ 

jjsjJIj <1 y»jij I conjunction vJjLjui 

P a<7 

•» *i f .' 

9JP 

^jpJLp Jaai ■ JU <2*3 oJLfc i_j|yvii1 Aa^9j 4a. 9 4Ji yy»j p Aq 

5jj-^5 .<7jp^* J£J p-» 

L^-ij 0>-£i p A <7 O^S vl*-* <7 3 /> *>* 31 

. tU>- p a q viiii Ijlp 

J_SLi ^ J^JuJLi p a q j->.j2ztt ^Ij-Ma3i <-*y* dUoT 

p li) (Jjiii 5 j -,-*»••'»-« <i> jjh tJ la ^ (JjSM jLJI .3—1(a) 

p OL-S' li| 4_Jl iJ^—4j ^1*11 jLJi . ty 1 p Aq oii q j 

_^JaUj' jk-1 4 juj 1 < I JlS^Aj . lL>> p Aq uji Ua^ q j U^> 

P A q o\ la j- ^ .q J p yjJI yjliJJ Fj T yo AJ^aaJI oLS” y AajjS/1 

• ?JP j 4 LOJa2 » vl**® 


p 

9 

p Aq p 


P V q P 

"P 

T 

T 

T T 

T 

T T 

F 

T 

F 

F T 

F 

T F 

T 

F 

T 

F F 

T 

T 


F 

F 

F F 

F 

F 



(a) “p and 9 ” ( 6 ) “p or </' (c) “notp” 

9 JP q ji p P Lf* 

3-1 JSA 
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Disjunction p v q 


p v q 

+ $ t- 

&* (° r ) O') bu» Ufl l ai j L$' 

y >jiL aJ j "jicJI disjunction J^as 


p vq 

ya)i |» <9 ^JLc- Jaild JlaXjo p \/ q <a-^3 . q y \ p I 

•<y^^ <?j p 

Ijl^ L-aJj Ua*- jj_& p v q lla^- qy p ja JS' Ob' bj 3.2 j*J 

.<->1p v <7 0^ <iU3 

.3-1(6) ( J-_£jt> ^J_9 JjJl_>J! ^j_a Osu I ^yLa-au p V q jjyid. J |*-J 

^j__a 0La JliP- 4 joI^JI aJ bJI Jai> Ua^- p V <J> 01 Ja>- 

.Uap- q J p 


^ iIV 

* , 

_^«j' \_sO*" i oiU "or" *-<0531 

c_ 5 — 9 L-^S" J-3^1 (_ 5 —Lp -l>-I ^1 La^^JS' ji q y\ p 

. . * * 

— =>_ ^ *— J -^— > v. <_$ 3 l a $ «—Jj q y \ p j^xaaj L>b»-lj 

. tJj'ill ^JLaaJI LiJ^S (J-U3 i_ 9^L>- £Jb j*J bj .^jJLjuJI yA iaa9 


Negation —p —p 

P ji.j*^\ <_$*—i ji.j*> Cf.^i o^- *P S~J*> c £ 3 'M 

</\ p J_Ji "... 0j-& 01 UaiJI /\ "... aJUJI o~~J l^i" 

P ^ J^.3 P <y (not) "(J-** 3 " <OU3 j £ a \ b) 

^P 
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Disjunction p v q 


p v q 

( or ) GO <j£*a {y-ji-jK <-?' 

4J (XrO-^l disjunction J-^s 


p \fq 

t_jlj_vaJ I JV—** Ja5s JUinj' p \/ q aa-s ."tfjl p" 

q 3 p Ji.ji.jAdS 

IJLjt L-ft-ij t-Li- p v <7 0^3 [Li- qj p ja JS' o^* lil 3.2 s -Lj*> 

p v q o^i iiAJ3 

.3-1(6) J—SLi j^_9 Jj J_>t51 < j_^o Ciu 1 0 L»y p \/ q y_y ^JJ <— . tlj-^al! 

jj—J Lo JULP 4 ajIIjJ I aJ L>J I ^9 Jnfl9 tiaj- (j^$o p V q (jl ^ , ~*- 

.tk»- ? J p 



P ji.j*U[ ^ <y>—i U^K *P J-J* iS*[ lij 

P J-ffl ”... Oj-^. J\ LUiJI jV’ ji "... aJUJI Cum! LjjJ" 

p ^ p ^ (not) "^-J" LJZ JU->k JZL*\ iij 

-<P 
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p J p-5 JL* (-.p) J p-J .(not/?) "p lyii'j 

:JUI 

—>p 0^3 Qai- P lilj t\la£- UjSo —i/? 0^3 /? li| 3.3 

• VjL*-* Oj£j 

4_a^S 0^-3 dJU jJ .3.1(c) 4»wsjJ (—i/?) i ->ljy»ll p_j 

£ 

. (p) jj jiJJ i -ilj.^U <Cfc^3 yjt&s* IajI^ UjSo (p) I ^yij 

ul^it UUa2Jl 

Propositions and Truth Tables 

* * 

4 —■^ aj - a <>* IjSf* 3 ' ^O 7 ’ *7> •••) 

t L?- jI TRUE (T) «/? p_ j.ftlI Jl»-Lj p, q, ... 

-. «V ,A Ja_ ,J\ oljil £-J> L_Ui- FALSE (F) 

. Juu I a.9 \£ Oljilj 

.iosis ^(p, q, ...) ^-jcdl 

ol ^ P(P, <?,...) 4,.^al) i^L-SlI wUJi 
ul ip, q, ... oI^JcCaJJ i_j !1 p_J ^jJlp Jao 9 JIaIii." I 4 J »_j|j-*aJt 4 a .<> 

| j —a J—S3 i_jlJ vail <L »-.3 i_ijju' loJULP t_ 3 P(p, q, ...) 4 «./id'll jl^vaii 4 A_j 

4 _ 3 ^bJl oJl_A "j .<v.‘^-*U 4 laji.-«H 4 i^laJlj . p, q, ... Lgj’I^Jc^o 

.k_j|j^yaJ I JjljL»- iUol ‘Ljiijb ^jJlj LgvJ * iy»‘ .L_j|j-*aJI JjJ l>- tj ^L>- ^0 

t 

£^>3*. 3-2(o) J_Ci ( p a-, q) }12U ^ 
Cj\jJcuJS ^1J *iM ol .“1 ( p A —1 q) J I_jlI 

.. t . ft . Y . 1 I i_iL_S* ./all ^jjo 4ilj < p, q, ^ . aL: a 11 

(j— . *•■•>' *—II^ - (_y3 .oIj^axaJI oj-^J Fj T <u£am«JI j^sl^JI 
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8 Ij-rj fj-li okI ja 3 DU yj ‘Djjw? 4 ijirj fjk JjUJI y US' 

.2” j-jh i ij j-DI j _lp tj^i ok j fjcL&S 1 n ilU- ( y UUj <oy ..<7 

JLLP U..J .4> via ail yj^So y 4la*-.> iU- y> ( JS3 iy_P -t>-y. ^ U L 

yj -» < v <A t-ajjUj - yj l$J iiSjLJI ol^LiJI y y*i‘ S^ki- jT 

y Jy^ukk y WsaU t-jlj-DI 4 a-J ^U 4jI$DI 


p 

9 

“’ ? 

P A - ^ 

“*(P A -.?) 

P 

9 

-(P A ^ ?) 

T 

T 

F 

F 

T 

T 

T 

T 

T 

F 

T 

T 

F 

T 

F 

F 

F 

T 

F 

F 

T 

F 

T 

T 

F 

F 

T 

F 

T 

F 

F 

T 


(a) (*) 


3-2 J£* 

t .4,>,itjul 1 Jajkj^JI y».!aV 4*iL< I oj y t { j*\jp JJlP 5.5 Lj yUd 

* , 

. v j»j A j*J *i/jl -1 

* 

^(p^t 7 ) cr^J (“>P) a ?y*? ^ p Aq ^hj> 

ulttiUulIj (Mj(JJ! ubl^wdl) duStVitl ubl^aJI 

Tautologies and Contradictions 

L-ji j -va. U JjJL_»- y# ^-O-S/l 5 j_a-*}1 P(p, q y ...) bUaiJI 

pwJ (_C ^ IajIi) jjtj */7 iJj^j i pJjb pjLjyj * la 29 T 4 a^a1I 

.tautologies 4—^itlaJLd ^. ; ya)I oJLfe ,p , ^ ... 4TL:a 1I l^j'l i^JccaJ 

y o^p«l kij contradictions oLiSLi' y—J /*(/>, q, ...) kLaiJI JiaJLj 
oJl-a Uy-Sj 1 cjU* j _3 ‘^ ^jajJ I y JUa 9 F U-3 * -,D k (J^_l>- 

y> (p V —i p) yy&} I ^UaJ .p, q, I 4 J k^JCubi ^ i£ 'J tk>* 4 jO*sJ k 

cb-L^r 4-^lyj viLJj y a* « ^ J .y5bj y (p A -./?) jSJj yki« 
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oSi Ja_Sa ^ue- i r *\j+a&\ JjIju*-) .3-3 ^ <— 

. (Jadi Jo-tj jf.ids ^JlP (_£j^>«j 


(a) pV-tp (b) p A “i/> 

3-3 JSJ- 

dj Lsiulj . Ua^- IajI^ dj*}f I t— j!^ dj <jl 

. 1 —jI^mp Ujb 4j*i? ^yilaid v_jI^mp jA 

,P 2 (P, q, •••) *P\(pi q, •■-) ^0. q> •■•) O’STlj 

/?, L^jI_^JcXaj <W>liJl (_>lj-^aii ^ip *if P(p, q, ...) OI Iaj . L L*aS 

" * _ , 

^ ••• *9 ^-^^2 —i *P Cj-* -> oi luSUj q, ... 

.^jAt^yd 1 JLaj ^dL;^! I i_-*lj-*aJ ^ -Jad£>*j LJ j IdJ P(p, q> • ■ •) ^dkdJ I v_jI j-*aj l 

5jW~3 

P(p, q , ...) OIS" 13} Principle of Substitution Jaiy£\ 3.1 Ajjkj 
\_jLso5 ^ \ *ikui 0 <£j P\P\,P2, ...) dM^Ldll o}i Ldlai * 

*P\, Pi* >•• 

Logical Equivalence „dkat idisoji 

ji \—likuo ijl_xijlS^io U^J JLdj. £?(/?, q, ...) t P(p, q, ...) j\ y^aM 

jd^JU liUjJ y»jL3 jbejL*x* 

Pip, q , ...) = Q(p, q,...) 

dJJ i^lj yill Jj JL_p- Xi* jA_Xdi . La $_J ulj—sd) 1 JjjUaj 13} 
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,j—ij jl . 3-4 J_$ji L/ _fl — 1/7 v— i q i — i (p a <y) 

^ ^jVl iiWi ^ tkJ- ^jijZA I jl L-jtj-^3! 

LjlSlaj 4 -JLpj .O^ls- 

(-P a< 7) = -,pv-,<7 

.liflL:.-o jLadlS^o [ j...-^,./:<t] 1 (jl 


p 

? 

p f\q 

^(P A q) 

P 

<? 

"P 

"<I 

J 

13 

< 

J 

•« 

T 

T 

T 

F 

T 

T 

F 

F 

F 

T 

F 

F 

T 

T 

F 

F 

T 

T 

F 

T 

F 

T 

F 

T 

T 

F 

T 

F 

F 

F 

T 

F 

F 

T 

T 

T 


(a) -’(pA ? ) [b) - pW-q 

3-4 Jii 


jj^&j .3-4(6) —\{p v -i<7) ^jyuU ^LtiJI jj)Jb»- 

4 r « 1 iiJI olI C.»»«j * j ^ JaV ^^yJI 3-4(fl) bJud-C-l ^y> la. yal L» 

1 J lj)-i^H J^JL>- JaitS Q-<JLb*«J^*l (_^j^-*i}l aJ la-C- ^I .4.-.a i al a 1 1 

Algebra of Propositions UUaSlI 

JjJ^»Jl l-L_ft (_^-9) 3-1 JjJl_>- ^j_9 LaUjijjI (jj—JI jS oJ— p Ij L/iftl I 

e-lft ^ jii I ^JLp Uxa-j t_jl^s<a <<—jlj-^aJl jljA^J Fj T 

.3-1 <JjJj>- djj^JuJI ^jljjiJI LI v ab.lI 3.2 
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UUaiJl 3-1 


(ta) 

pVp^p 

Idem potent laws (£>-»jll yj'jS) 

(Ifc) pAp = p 

( 2 a) 

(p V q) V r = p V (q V r) 

Associative laws (^*dl yjljl) 

(26) (p A q) A r = p A ($ A r) 

(3a) 

pV q=qVp 

Commutative laws (^JLsJl 

(36) p A q =. q A p 

(4a) 

p V (<7 A r) S (p V 9 ) A (p V r) 

Distributive laws (£J jyJl y-il ji) 

(46) p A (qV r) = (p A q) V (p A r) 

(Sa) 

p V F s p 

Identity laws ^j.iU-ti yiljS) 

(56) pAT = p 

(6a) 

pVT = T 

( 66 ) p A F = F 

(7a) 

p V -> p s T 

Complement laws (^Udl yjlj3) 

(76) p A -i p s= F 

( 8 a) 

-T = F 

( 86 ) ->F = T 

(9) 

j 

J 

■X3 

HI 

■a 

IsvoluHon law (i_ 3LL)^1 Oyll) 

( 10 a) 

-(p V?)= ->p A ~>q 

DeMorgan’s laws (Olarjy l£2 yJljl) 

(106) ->(p A q) s ~>p V -q 


<LuQjj Ajb jmU 

Conditional and Biconditional Statements 

q o^-9 p jir li}" JSLiJI l&J oL^sL^J! ^ a^U-j y» Jj.JlJI 

l-frl y°jL5 oLoljJi*yl jl yjLij ■-» ^jjLSaJI o-L* 

p q 

. 'V Ot^ til JaSi p" jl "<7 p n o^Ip Iyu P —> q fljJb^**)fl 

y.jidl lift .'V OlS' til Jaiiij lil p" JSLiJI 4 J ^5Li y^T yyii’ ilL> 

£ 

y*^L <d yyj ^ytd - lyyil' lj a—j 

p<r*q 

lol Ja^^L .3-5 jJ^i ^9 (JjlJL>«JL 49yte p <4 q J P —> q {J* cylj^all |»J> 
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P (JjSll I uL —% li| la. 1 ^ Cii p —> ^ ^ljl.7. (< 3 ) 

fco'jft 0^4 Ua>- p jir IS] i3lli ^JU-^ . Ua^- ^ 

.q -J 1 - > b~ 1 '^i 4 a-J> C-jlS" 1*^4 UjC p —> <7 

l» ■ it - a * ^ a ^ ' (yj p l)j Cjl LjJlip p ^ ) q ^iLo (6) 

.dl3i _,*P ^ Uai- Oj^i3 c-ilj-aJI 



(a) p->? (i) p<-»? 


3-5 jii 

JjljL-sr* 61 Ja_.3-6 JjCi Jat. —1 /? v <7 

Ua»- Ia^>I I 1 *j/l Ji^ajJI l$J p —> 1 7 J —> p V q {jijijjfctX J i_jI 

61 —ipvq \Lskxa ^»lSo p-* q <JUJ1 ^ JaA* 


P ->q =—tpwq 



-'pV q 


3-6 JC 

Lfltatx ^il^o <7 6^9 P 6 ^ ii} JsJjJIaJI ^ji^aJI I ojLjuj 

a* tyr 3*3 0 -^ 3 jO -« <v -kWt ^ isy^i. <3-^3 "<? ji ^ 

• 15^ p ^ ^1 I 1 «4jO Jb^LuwA,.\ i 
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Arguments 


* 



^a«P|, Pit • ••> Pn LLhaSJI ,j^ oUaiua 4Jt9 tjl JuS^ti’ 4»*»«il 

* * * 

Aj>t»Jl «Jjb .conclusion 4 >wJI J () Ll *»9 gzx ^premises 


JAjIL L*J >v„ 


P,, P 2 , .... P n l~{? 




^L^aj ’ 4 »«..>>.a)I 4j*oJI j| <LaLuJI i>«j>JI 

& »M W Ju PuP* ..,^1- e a?-J» *3.4 Juju 

£ 

. Llj-*> P 1 , P 2 ,..., P„ premises u * 3 J d\ ( j^>- jj£i‘ LdJulp- 



a fallacy" iDU* u ,a~j 4^1 


4..oyadll C-iL_S" <ISJ la <ISI 4—jT Li^a> OjSsT Pi, P 2 , ..., P n LL^taJI 

«lij 4_>m*>w> P h P 2 , .... P n |-0 4>^>Jli ^LJLj .ljl^»P| aP 2 A ... aP„ 

ISl i^l 4 L_;l y^f P\ A P 2 A ... A P n LoJlIP LIj^ ^ OLS^ <ISI Jaddj 

Ijjij UT LdlaiA LL^s (P| A P 2 A ... A P„) —> ^ a..-,.*> dll 


^.ydl OLT JSI U&s <ISI 4^^, P,,P 2 , ...,P n |-0 :3.3 bjx 

ff £ 

.tautology LikiA Llj-^> (Pi a P 2 a ... a P n ) -» £) 


UUoaII) 2 u^j>ufJ JtjJklf 
Propositional Functions, Quantifiers 

4 _La>JI jl) propositional function iL-jjaytJl 4 _IIjJI .oLUao 4 _» A 

ol 4 _*^sl>Jl 4 _) p(x) J+—M A ^ip 49 jAaJI (^^AaJI l JI 4 >*^AaJ I 
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4A...3 <)j) I ‘< n> P(x) Oi IJLA .a € A tiai- jl i ^i\y^s pid) 

* * 

f ^ A *mJ /I ^ t11 .JV j- ■ Va \ 1 ^4 Jlf Q £i A j^i,P ^ 1 LoJ^P ^LJ I j 

/?(tf) ^_ill j4 _j-^Llp i jA <j^£aJI Ty, AtiJlj «/?(x) t— Ai.jfii JjUaj 

ol <_£l ./?(x) —I Truth Set tjl^vaJI <pjaj**a ^a—j 

r P ={x:xe A, p{x) is true} or T p = {*: p{x) } 

J_SLi ^ lc- OjSv. P(*) 0^3 ol-U-i <13 /4 O 3 &' U-UP <il ^sLiJl y» 

.X _^JcuJ l ioL^o jl <JiUco 

Universal Quantifier 

Jti •■V.lI .A APjaj^aJI ^jJLp AS yua 4jjjyb‘ <Jb /?(jc) 

Vxp(x) ji (Vjc € A)/>(jc) (3.1) 

iX ^. .ahI 11 jLo^J-U jl p{x) oU ti4 <iiJ I y x JS3" 1 jitj 

"for all", "<_$*}! " jt ji "j-a" \j-± v^l . ’>(*) 

universal J^ .a. til l 5 a- ^^JLp "for every" jl "for any" 

^j.ycJl (3.1) jt,yA\ .quantifier 

T p = {x:xe A,p(x)} = A (3.2) 

.A isill y* p{x) J (* r j|j-.o)l <23 j? fj\ 

t * * 

<A-j <1 UJ Lj l>-^XAiS Ua jpM J I <>-J^XdJJ aIa j* - JjwAJ Ai’lii p{x) 

4 —A.Ji l$_J »V j^-JU 43j*-~il p>(x) (jl < Vx pix) La I 

.(3.2)^ (3.1) y» JslScJI y> 

Vxp(x) jls A = (x:jc g A,p(x)} iiill oils' 13} 

__ • 

Q,: If {x: x e A, p(x)} = A, then Yx /?(x) is true. 

.0^ Vx p{x) j^3 <JUJ1 oJL» ^ 
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Existential Quantifier jj~*> 

.A ilail P isyu> iJb p(x) jjScJ 

3xp(x) jl (EUeA)p(x) (3.3) 

u^" jl p(x) A J> x lyL 

jl /\ >/ I>. tiJJij 3 y>J\ ."p{x ) jli ,x 

*^sl_So (3.3) j>.jxA I .existential quantifier y^i. "JS^I 

T p ={x:xe A , p(*)} * 0 (3.4) 

^—jjcd) Oj-So *iU3 ( _ 5 _Ipj .UU- p(x) 4_a ul <^1 

£ * _ 

Ijo-LsC' ‘3 J^-JI LfriL~«i p(jr) <_£l <3 X p(x) 

C-o^ x ^JbJi uLi ^cJU- ^_p {-*.' p(x)} £ull cJlT 131 \Q 2 

" p ^ 


Q 2 : If {x: p(x)} 0, then Hjc p(x) is true; 

. IUi- 3x p{x) <CU3 j +*■ 

Negation of Quantified Statements 

j-* oL-«^l».^l <-j!>Us> J-T) "All math majors are male" ^.ytJl y&u 

jjj-S* JJ1 yj> ol . .j?l j ji 1 i_j ^LU JT 1 ojLj«J I o Jla . (j^fT JJ1 

^ Ig- l_fc^slTjj "It is not the case that all math majors are male" 

"There exists at least one math major "CjU)!! y> oLc>Lj jls-Ij ^JU? JsSlI 

oLa-^LjJI _U iiil Ij^oj M l>-\ ^j» jjj>^l who is female" 

IxllT Jj-—< Lo i j£j*J w 
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—i(Vx g A/)(x is male) = (3x g M)(x is not male) 

O^ "jS'i x" J jAj> p(x ) 131 jl 

—iVx p(x) = 3x —>p(x) j 1 —{ Vx e M)p(x) = (3x e M)—p(x) 

•Ul »p(x) ji.j** \£ (3-j-^ L* 

-.( Vx e A)p(x) = (3 x G /t)-.p(x) : (DeMorgan) 3.4 4 j Joj 

p(x) 4 -a^UJI Vxe^" ^yull 

. p(x) x g A 

loLtslSLw oLJlxJI <(_£^-l SjLjuj 

. ill p(a) O o g A j+&s- J£J o\ C\y*> (j-J . 1 
. tU^ p{a) ol a e A y +alp JL>-jj *2 

1. It is not true that, for all a g A, p(a) is true. 

2. There exists an a g A such that p(a) is false. 

. 1 I l JL>- jp 

—>(3x g /l)p(x) = (Vx g /4)— i.p(x) :(DeMorgan) 3.5 <L^Iaj 

^j^JLdl ol (^l 

f f. j 

. LI y# p(fl) O^jSL <>«t a G A j^alP Jkj>-4j 1 LI^*3 . 1 

. Iki- p(fl) OjSL. ae/1 j-^axe- JS3 .2 

1. It is not true that, for some a e A, p(a) is true. 

2. for all a g A,p(a ) is false. 

Propositional Functions With More Than One Variable 

i—Jj ../ill 4_SS ^JLt- *— 9^*aJI oljj^JCuaJI ( j_fl « <Lj 1 4_JljJI 

jcJI (5 J-^ai ^ t^ojycJI 'Ji L cij—) A = A t x A 2 x ...xA„ 
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p(x |, X-^% ...» X n ) 

(n-tuple) ‘--‘-j'yi ^Ja>- jl Llj-*a p(a 1, ^2> —> a n) 01 aJj 

•A (fl[, ■•<) cifi) 

aa^maJI 1 i) I jJ I : Basic Principle (jU* 


-iXD J_S3 




3*V>dz pfx.y.z) jl V*3;y p(x,.y) 


o* iJ 5 jj —^ 

Negating Quantified Statements with More Than One Variable 

^ 1 -L> tV H IL ^ fl »1 lj 1 j ^ A 1 J_ «Vn ^0 1 Ij 0_JJ) m A I I jolall 

V yJ! Jj^Si 3 JTj 3 J1 V JT : c bxJI ^ 3.5j 3.4 ol*> 

^IaaJ J jlmJ 1 ^jyuil j*P —i I Jlixil £A 

~[\/x3y3z t p(x, y, z)] = 3;c-i[3;y3z, p(x , y, z)] s 3xVy[-az, p( x, y, z)] 

= 3*V;yVz, -p{x, y, z) 


Mathematical Induction ^UjJI ^LuyUVl 

AiiU JL^L«i ^W»U- 3 La 

N = {1,2, 3, ...} 

^UJIT yAj ot*\y. l#* 

Principle of Mathematical Induction I I ^Lus-^I Lu« 

P(n ) Ol (S*\ f N 4 -j^aJI ^Uwp^yJI jjIjlpSM isi LJ ip iiyc# i^aS P 
'OLtJLJI QLaOI P 01 y*jA& . IV ^9 tl lti» jl LI y*e O^SL' 
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n i) (0 

. 1>I P(ri) OjSo. Ujup- v_jl y*> P(n + 1) (ii) 

(i) P(l) is true. 

(ii) P{n + 1) is true whenever P(ri) is true. 

J JLC- J£) Ul P <jj^So JJ JuLP 

y-£ I Oi_ [j* I JUaJ Aju^s -U^jj 

JSLiJI ^ jvp^I -Up- aaj^iLb 

LuJ 

Principle of Mathematical Induction II II jJl \X*a 

lot N *US ^JLc- 4&jAjo L^d P ( jSy 

^0) (0 

. 1<£<« J53 P(£) j^Sy. Ujup- P(/?) (ii) 

(i) P(1) is true. 

(ii) P(n) is true whenever P(k) is true for all 1 <k< n. 

.L-^JJO iJLP (jl^yg P <jj£> jj-UC- 

(-jlj-stf P at o_-£J ul -u_jy oU>-'5/l I Remark 

iljLP^I iii) 

{a,«+ 1, a + 2, ...) 

a £-* 1 J-'-'Mi ^Vl IIa .(tyW9 Oj£». f rt9%tj9 iJiP £7 

<_*•><* |j^ ^y* 

.^JIaII JS3 * j 'j■ / *'' 4a« i iJL>- 3.1 4 )Lm> 

Solved Problem 3.1 Determine the truth value of each of the following 
statements: 

(a) 4 + 2 = 5 and 6 + 3 = 9 (c) 4 + 5 = 9 and 1+2 = 4 

(b) 3 + 2 = 5 and 6 + 1 = 7 (d) 3 + 2 = 5 and 4 + 7 = 11 
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. t_>tj*d q$ P v j-« J-S* oLf lij Ja_5i \ —Oj^i "q J p" jijixtt ‘Jp^l 

(if) < Ua^- (c) (A) <Ua>» (flf) 

J»j-iil fljL^J jjJj <JbJI ^jjLiJI ‘aj\j£ Jlp I 3.2 aJ aJLmj> 

* 

.<*J» ^JG^j ^ 4 * bjtj j»JI 6 b* tij ( 0 ) 
.j^j»-^ll C*o.4jjI -Lsf-lxi^fl Cotj lit ( 6 ) 

Solved Problem 3.2 Rewrite the following statements without using the 
conditional: 

(a) If it is cold, he wears a hat. 

( b ) If productivity increases, then wages rise. 

(q j' p "q o\» p til ot :J^Jt 

( y^t5' ^UxJt v_~£i ti^lj /> -> qs -,/? v<7 <_$! 

» * 

•a*-* 3 ^ tijlj j»Jt(a) 

o^-^t c-*iJjt jt ajj (*) 

.taj.o p v —t (p a q) jjjJudl 61 3.3 aJL***^ 

Solved Problem 3.3 Verify that the proposition p v —^p a q) is tautology. 

I__ .3-7 J5w, ^ \ j £ p v -» (p a <?) J^JLs?- OjSo :J^ J t 

<1>1* <73 PJ* T tlsb p V —> (p a q) jt'jAz 1 ) «-*lj-*JI aaJ 61 

♦l *^ 0 vl**® 3* jAy* 5 ^ 


p 

9 

pAq 

V 

< 

a. 

r 

pV -{p A q) 

T 

f 

T 

F 

T 

T 

F 

F 

T 

T 

F 

T 

F 

T 

T 

F 

F 

F 

T 

T 


3-7 J& 
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: JttiJI I ja Jb 

VfUVt lull ✓ 
wi>mi >j %/ 
jjJMtl ulj u}UUu %/ 
jjjuaii ✓ 
J^IjSII ✓ 
>U#dl j?- itJU« \/ 
pUI - JaI&JI IJLUI ✓ 
lujli jpj 3u3^l uLujsiill ✓ 

Basic Counting Principles Jill 1x4 

Jj.iL-JI 4—1 jj ^combinatorial analysis J— 

olj s>~ 'ill A 4.i aJalA.11 Q*^\a v>- ' .} Jlp Jb JL>4 Xj <oV£j^»*aJ 

J_*-D jL_—L-l ij I Jujo .ojJj^oKj 5Jls* JS' ] £>-b*JI Uji 





jl E 61 jiyiJ 'Sum Rule Principle ^*L» 

t j_SLaj F L-oU* 1 _jJL>- olj < y a fft 

£ (E ( j_J'Jt>J I (j Ij (jj-JJl ( j J o /7 JJlmj k^JJk>o 61 

F jl E 6 \-i .c*-4$ll » 1 a* 

6 t-S" li} 1 _o jap j .m + n UoJip J Ja> 4 j'j_il=- v jS 1 aj 

6^LaJ I ) j^s /7] ^Jjl> i^jJu>*j 61 £| Jj 1 

«2 £>JL>mJ 61 J ^*1; £2 ^l^l 

W 3 Ulmj ol j^AJ, £3 i^JUJl J^lall 

6^*4 ^ 6^-^ L?' Olj .. O^aJI y> 

£ 

.«i +/j 2 + «3 + ••• UiJLP Jj^L 4jj±>- j£aj. l$x* Ijla-Ij 6^i <cJjll i _ r Ji y 

j_£aj E 1_> Jj» 61 y>j-& I Product Rule Principle iJl OUPLJ 1J-* 

6^—9 W LjOJLP 4__jjjL>- < ^5 kaj ^ 1 U-l^ 61,} /H UoJLP 

./w/j y Fj E t j i; > combinations ^Jlp 

JjJot £2 61j 4«j~2 *n\ La^jlp t3 j^. jjisAj £j 61, y*yh 

^_*A> 6 i* « 3 UiJLP {Jjlaj £3 klJl* 0 -L>- 4a^ <« 2 boJLP 

./i) • /12 • W3 • ... Uojlp i3^1u jjTjaJI ..t yJL L^j j-L>- jCu <^>l Jl>-*}/1 

£m—s£»jl Sjj_vajJ .oUiJI Zjjioi ^S- IJuft. ' .*.* 1 JLaJI (J*bu 

16^9 >f iiiJl j^jLp >JjJ y»ji_ n(A) 61 { j»yJ6 
jxa B *A cJlS' lij ISum Rule Principle £^a»«aJI SJipIS Ijl* .1 

o\> 


rt(A uS) = n(A) + n(B) 

i-tj-JaM Ax B ^Product Rule Principle ^j*JoS\ S-IpIS Iju* .2 

I6ii B ,A v>i2 iiU jrjl^jJI 
n(/lx£) = /t(A)rc(£) 
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Factorial Notation >4j 

4 

yJ l__> a 3 bi ^ I 1 ^y ^ ^>*^>1 «/il I ^ I Jlp S/1 ^ ■/> L>- 

I(« factorial ^ \yi) n\ 

«! = L-2-3 ••• (n—2)(n—\)n 

n\ l5>-I ojL*j 


1! = 1 


J 


n! = /i - (#i— 1)! 


.01—1 lJL) j*j JluLaJI 


Binomial Coefficients 


jJdail ul3 u^UUu 

r < n y il-iPl /■ < I I yj\ 


\rj 


'n > 

<r) 


n(n — l)(n — 2)' • ‘(n - r + 1) 
1 • 2 ■ 3---(r-l)r 


£ # 

Sjj-*aJl Uflu.l 


r n> i 

<rj 


n(n-1)(n —2) --(w —r+l) _ «! 

i -2 3 - (r-l)r “ r\(n-r)\ 

IlJbJI ialgJl <5!iUJI Uj jJ jjSLi n - {n — r) = r 


( n > 

_n 


U 


a + b = n lij <{jy-\ SjLiuj 




'lT 

v«> 
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JlSwJ Oii Obtain* 


Binomial Coefficients and Pascal’s Triangle 
A j^Jlo ^y O^UU&S' ^laV C«>>- ^JLxJI oli Cj^UUjO 


fn\ 




vry 


ol oLi l .(a + £)” jIjlSaJI 


n 

(a + b) n = jT 


„n-k ik 

a D 


(a+b)° = 1 

(a + b) 1 = a + b 
(a + b)* = o« + 2ab + b* 

(a + b)* = a* + 3a J b + Sab* + b* 

(a + b) 4 = a 4 + 4a*b + 6a*b* + 4ab» + 6 4 
<a + b)» = a* + 5a 4 b + 10a*b* + 10a*b* + Bab 4 + 6* 

(a + b)* = a* + 6a*b + 16a 4 b< + 20a*b* + 16a«b 4 + 6ab* + b« 



4-1 J1 SUu 

C.v.l l ^UiS ^y \ ^>..v j> ^SUj (a + b) J <LJ LccaJI jili o ^UU* 

.4-1 JSuiJI ^y US' cAfjt Lf ^j. ja 

. I+JbJl iS'^iuJI l$J JlSlo cJU# ^y ^Ijlp^I 

.1 jJ* uU ^JS” ^JLallj Jj’ill (i) 
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jj—iJJJl jjj.5 Jl*J 1 <ulp 43jiv 3 -<J 1 eJlA y y*T iJiP <^1 (ii) 

<15 = 5 + 10 <10 = 6 + 4 .yUl >.. i./aJ' y I iij-lLa ut^laj 

. 20 = 10 + 10 


1_ii^j yJL»JI ob O^Labuo yt ^Jlia y j$lv>~ l ^Ijlp^II ij 1 Laj 

IiJ bJ \ 4j^JajJ 1 < y (ii) <U^L»«JI ^yJlP J«a>«j 

:4.i iijJfli 


r n+V 


f n > 




= 


+ 


< r J 


<r-b 


<r> 


Permutations 

f’bwt'iil o«i^J )Lj Jl.j a yu 1 • ^ ‘y y f but^ll y m 4. * <1 >„«>>jj L < 1 

jjA_*»j P Lyi "ill oJL-A y_a /?>/*<_£*}! yaua l. kjJjJ |_J 1 . Laa L^a*aj>- oi^i-Lo 

•Sj-* J-T ^ r l*_JLa iy-U pL-S^fl y n J ^L-Lj jl r £y y 

Itj^i .<7, b, C , d i—ijyJl <LP jAa>«a ^L*a yu 

.Lice l-flfT Siy-Lo 4 joj ^ I kjjyJJ JjiLi' ye ctcdb idcba tbdca (i) 

L_ka 3 IgjLa iy-ta iiojbU Joby ye tcbd <adb (bad (ii) 

r °y ^ J 

L_*a 2 L$ia iy-te 4*>j^ JjoLt <y bd < cfa< cb*ad (iii) 

’V* 

jyjjl JL>L 4 ) j^ji. ®y J5* y r l^ia n LeOJiP pLul^t iJLP 

P(n,r), n P r , P nr , P", or (n) r 

. l? L U-i iaU- 4*.A,yg 4 J ^XiS—Jj P(«,r) JA^I t-ij—J 

Derivation of the Formula for P(/f,r) P(nj) Jj^Ldi 4* y g 

0 j_o JT y r l$JLa i^s»Le p Lw i I ^ya 7? —I Jj-ibjJI JJlkJ 4.a.*.^al I Lviv mil 
j-^AiiJl . 4—0 *5/1 idj^UL j^ 2 j. (P{n,r) (plyiVl y» n J r iJj ye JoLsll) 
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yo n y n ^juJ r y Jj JusJI ^ Jj**}fl 

JJl_*j jJjiLjJi y l j yablI Lol .4 jLL'C.'>*aJI 

.JjJUJi J_a (tt-2) J) JLmj dJUJl 1 jLxi-l «iJUi jJboj J^JaJl rt - 1 

LjoJLp jvXjj r jvij ^<a:.«H JljjjJI IJla ^^Ip 

J^i»»i i _uli IJuaJI j»ljL>ea*.Lj liSohj .« — (r— l) = n — r+ 1 

P(n , r) -n{n- 1)(« - 2)- ■ • (n - r + 1) 

j 1 O Lj j Cij I j 


/ iv -,\ / , ,x n(n~ l)(n-2) -(n-r+l)-(n-r)l 

n(n — I )(n — 2) • • - (/i — r + 1) = —-———--—--—- — 

{n — r)! 


n\ 


(n - r)\ 

liJUl 4 j jiaJ I Lxol _t3 (jjSo tlJLJJbJ 

,P(n,r)= — :4.2 

[n-r j! v 

1*jo o3y-lo y /7 J w! ^jlp Jl>-^j 14.3 

oJL-a . c <b ta y 3! = 1 . 2.3 — 6 _l>-jj I ^jui 

.c6a fCaZ? ibca tbac »acb tabc ’.y ^.iLJI 

Permutations with Repetitions 

*.UiSn y 4S3 <J I ‘multiset o.iJL*Xa £uJ JjoLJI iJLP 4iy«jo iwJUaJ to e.slp 

_} IjjAj 13) .4jLiXA LftyXU 

P(n;n r n 2 ,...,n r ) 

. . .JjLa^o (rt 2 ) tjj - !_aJL* (/J|) Ig^o y n JoLoJI y i-bJ 
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ioUJI jD («r) 

,P(n\n u n 2 . n r )= n ‘ -- 14.4 b Jaj 

« 1 !n 2 - **« r ' 

Combinations 

j_ 0 n _II eJuj_I combination j-a n LjljJJ jl 

1 * * ^>~ f l «>» *ji oJLA jl <7>l ^ I j A \ ^o A“ LftJuO 

j A f \ *44* /A I 4 J 4ibJ /* I ^ ^1 *,,.. <j*t jaJI 

^ * 
</ «c tb ta 'Ja r {£y**> L$jlo <^y>- is* efil 

^ 5 j* U5* ^ 

abc, abd, acd, bed jUaii-L jt [a^b^c], [a^b^], [a,c,d], {b,c,d) 

4jjLm 4 £j “^1 jjj-kil^xJI (j| Ji>- jU 

afcc, ac&, &ac, &ca, cn&, c&a 

• {#> c} jAj L^j 

^ C(n, r) j*j J Ij Ijc« r 1$jlo ij>-U 0 LJ-SM ,jjo n J jxi I iJ jJ yo^i 
ioL*J I 4«j> srtl I ^ JL>«V.m) . „C r J C" r *C„ r jjAJl I p.I^iV.^V ^aj)y^ijl ^iuu 

• M C{n, r) 

Formula for C(n, r) C(n, r) J OjilS 

JoL*j j_j8 r! ^ l_L» r n J J-iji' <^1 jl Iaj 

(j I ^ 17*7 ml I Li ft ^ jA ya 0 l_u»w *^fl 0 J lft 

P(n, r) = r!C(«, r) 

^ li^j 
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_, , Pin , r) n\ m t . 

C{n,r) = -±—± = — -- U.SAi^ai 

r! r!(n—r)! v 


C(n,r) - j p^ dU jJj | ^ 


% 

The Pigeonhole Principle j* IJoa 

.^bJl Jj-sljJI ijJaj ^ejUlJl J* 

<pigeonholes ^LajJI uLoM ^ n u _p JjLi lij :^U^Jl jp- ijU» 

Cr^ ^ JL** 4_»^i pigeons i y-c jZ _S'I jl (w + 1) jJL*o 

.pigeon iaUjs- ya J j*-i» pigeonhole 

lu*4 l«yjj ol ul JL>y C*«>- JjL^aJI ( j*o ^JLp IjUaJI Ijl* J^iaj 

JlJJLLC- (tiU_-»1 13 Jl-lP 4 j ^L-sSn JL»-I 01 ^>3 : .C.»jJl>JI ^Jaja 

.pigeonholes JlJ1^> pigeons oJjL«SII ya uliS'l OjSo 

: ( y^fVS' j^jo ^Uk»Jl \±^> 

Generalized Pigeonhole Principle ^U^Jl f-4* * * +*3 

f f t 

jua ji-^1 jl kn + 1 ^Jlju n pigeonholes jU^-1 <j* n JaO. lil 

J-S^l ^As- jl_s-1j o^_a ^^hs> *Js- k cUo*- pigeons 

.pigeons oloLo*JI ^^1 jl k+ 1 jJju Jji-i* 

The Inclusion-Exclusion Principle 1041 

O^i flj ^ Cols' tij 

n(A kj B) = n((4) + n(B) — n(i4 o fl) 


£<o>«j lij^i (i4 o B) w(/4 c 1 B) ^Jl«J 1 iLyy’^ *\£j >-1 ojloyj 
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^ eft (A O B) iJ—*JI £AJ»dl ( j*9 ^ j]aj pj *?(/!) ,jjOJLidl 

jjL^JI li-A .n(A r\ B) jXjJI „t j «(5)j n(A) ilj_ pS/I Ja-SJ Uil 

.oLsi 3 <iJb- j*j .oliiJI tjA jjlp (_£*}/ 

oi» C <Z? <y4 iu^Lo oLs 14.6 jlai 

n(AufluC) = n(/4) +w(B) + «(C) 

—n(A o B)-«(AnC)-M(5nC) + /i(AnBnC) 


<*A4I 

Ordered and Unordcred Partitions 

(JjJaM 3 JLp .7^1 1 4a 3y> <oi £ 7 iJiP ^A 

A 1 1 ol^ 3 jvi’ iwisJI ,>» _r^ I 4 J t ^Aj» 

yJi vlliLij1 JJlP 43 j*-& Jbji LjI .4m.5>JI ^ ^ |j^*lj 

[ j 4 1 ,^2*^3] 

/^2 <-*1^3 <,j—*J^JLp (33*^ ^ I ^ i ^ 7 JJlP I 4iiU 

*1 LJ*— Jj L ^ 1 <^3^' ^3 4*^ (*-» 3 tj* (53^' 

[{1,2}, (3,4,5), {6,7}] J ({6,7}, {3,4,5}, {1,2}] 


**±J* 


(1 




. A 4 t ill I ^n<) £ Jm 1^*4 JS '3 

i JlP . 4 ^-Ji>J 1 ^_9 CjI £ 7 i -bo I JuJ U *ii I 3 


i-L-P wiUi ^Ajj f^i ^3^1 l5' ‘0*^-5 ^ 
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^ I r ol £ 3 La>uJ 


13. 


^JlP 1_l$J j ^uAh ) 1 ^9 4a31j 3 


viU jj^ 4 ..j.J 5->JI u^i’ ji^-jj 4jL$jJ1 *^2 <LJL>JI 

f 2\ 


iJLP JU>-^j 13) .Ay 4iJUJI iJliJl 


2 ) 


Jj jiai ! iJLP O^j 


r7Y5Y2> 


v 


2j 


V->A 


2 ) 


7-6 3-4-3 2-1 
1-2 1-2-3 1-2 


= 210 


A 2 i_^ g ' ^ 1 ^4 (_yl I /I dJLiU l_iJLx>«-4 jA 

‘0+>j£ Ay *£j\j& 3 ^Js* 

U 1 ^ 


f7Y5Y2^ 


\tj 


7! 5! 2! 


\3A 


2!5! 3!2! 2!0! 


7! 

2!3!2! 


j—S3I r Ulo ^Uil jl^JI ^ JjSfl ^~£JI juo JT uSl 

^JLp j .,^>T 13 (4_a LuJ I ilUJI lLU3 oLj'I . 4 J JjjL-JI 

fti, ft 2 , •••, «r ojLSj ^LjlJI ^_<9 « L5 _U- /I iuil Oji?-l 13) 14.74 j jlaJ 

( * *■ ^ # 
O 1 (_5 1 ‘ft L^P^4- -> «^0 4 aS^-^0 ^ *»-■*»■■ /-» I ^ 1 JLp 1 

ft ~ ft| + ft 2 ■*" • • • + n r 


JJLp 4j)i 

ft! 

ftj!ft 2 !ft3!---ft r ! 

[/1 1 , ^ 2 j • • • > ^r] 0 jJ)-/a 11 ^^JLp ^ 4»dil 4.a.l.V.w<» 11 4 *j^aJ 1 CjL*j_1 
/If ... < \_ I * 1 1 i^j— t> H 2 ^—Lp (,$J Vx) /1 2 X *11 j a ft | ^lp /I j 

• 1-**J 1 {j* Mr 
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p—* jLp oj\ , .Ji 01 { j*>jzJij 4.1 SJL^o 

0-£~ oL-s-^Ul .jLM ^ Jj>^l pi^lj .pttji iiOL 


^ li*. 




Solved Problem 4.1 Suppose a license plate contains two letters followed 
by three digits with the first digit not zero. How many different license 
plates can be printed? 

9 <j JjVi jjLjb 26 ^JLaj 4£pLJ» ( jS^AJ (JS* : cH' 

ol>j3 ijic- 01 ^1 ?<u L , h < J>ji» 10 ^ j^JUl o* O 

IjJfc \ $ (Cm yaV 4~il a H 

26 -26 -9- 10- 10 = 608,400 


^jXaaJI l j_« 4*« —1 iJL_c- jX 4.2 aJ jJL?nj» 3J L —-* 

? "BENZENE" 4XT 

Solved Problem 4.2 How many seven-letter permutations can be formed 
using the letters of the word “BENZENE”? 

Uii |j (E <_9 y>-) iL'LoJio 3 l$JLa p Liil 4 JJLP { jf- <1*. 

oUi531 ^Jlp LJ L*i- 4.4 .(N tj^) 0^U^» 2 


P(7;3;2) 


7! 

3! 2! 


76-5-43-2-1 
3 21-21 


= 420 


Lr » L_JLL» 12 iJL-p 1 $_j ^yJi m OjJaJI 3 JLp 4.3 aJ5JLw» 

.twj^LL JS* ^3 *^2 *st\ «u-i»Lj Oy 

Solved Problem 4.3 Find the number of m ways that 12 students can be 
partitioned into three teams, A ,, A 2 , and A 3 , so that each team contains 
four students. 


3 jL^-*if Hjjl? 


'11> 

,3, 


iJLP 0 Jl>- I A J jSU =J"»' 
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*A ( 3 -j^ jtr*" Jo- 1 jjb 5 jjjJ 1 

f 7 l 

ojj^ijjili ^ l< 5® ^ a* «—*^LL* 3 jLjci-'i/ L*^jjc- (3 jl>-j_^3 

uj 

l$_j I Jj^Jall iJLP ul ^1 .viJli)l (j_jS LJ 1 L^^LDt 

Jjb (3yiJl ^9 v-J^UaJI 

= 165-35 = 5775 
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uGbUJt 

Relations 

u>JI JmU- uui ✓ 
uiiiuii ✓ 
utifeUU 2 bg»«u>l u^LmJJI ✓ 
utibUll huSjj ✓ 
uliiUil j* tSj >i £ljii 

35 ii?ri ✓ 
jil£UI uti^ ✓ 
tfijeJi uiujui uiiiifi ✓ 

Product Sets ujjaII J ta\f- wU£ 

ci.—*>- (a,b) ordered pairs 2 jr^l 2—li .J3j A j ■-** <^1 j: -jj6 

jL-^j.jJI <~j j .*2 U jl BjA tjjs*» _*- «*«v b g B j a e A 

,>•,? ♦ "B ^»yi> A" 1 jitj AxB yJ\j U^3 y*jt3 Bj A J 

AxB- {(a,6):a € A and beB] 
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01* B={a, b, c} j A={1,2} S.l Jlft» 
Example 5.1 Let A = {1, 2} and B = [a, b, c}. Then 

AxB = {(1, a), (1, b), (1, c), (2, a), (2 t b), (2,c)} 

BX A = {{a, 1), {a, 2),(ft, 1 ),(b, 2).(c, 1).(c,2)} 

^ x ^ = {(1, 1),(1,2),(2,1),(2,2)} 

.A x B * B x A ijl .JjL-JI (JliuJI (jboflbfc ObJa^^Lo JL>-^y 

jV> b_P 0 JlaJ (iS) f I *> <■* ' «*b bob • \.& ^ o lO dl I 4^_9 jma .i JJ1 I 

S iui)l 

n(A xfl) = 6 = 2- 3 = n(A) • n(B ) 


LLfc £-x^j .Bj A l b j-aa «(^ x5) = «(/f) • n(B) UobJl 

^ «(/4) Jo>-ji' (A x B ^ (a, b ) i^o(jS/ All 
.Z? oLitSbo^i {jo n(B ) o_1p jl>-oJla ^y> <a ^.yaoJJ 

0j> JL_?«^o 0 J_P (_£ I ^^40 p\ til I (wJJ-^U- p^oLo 

4_aJjaJI oLoj^I jj_« oblijl 0^3 A\, A 2 , ..., A n oba (_5 .obliJI 

J-^b^ L 5 ^—i- e Aj, a 2 g ^2, ..., a n g /!„ (a,, a 2 , .... a„) w-tuples 

jo»^Jb L$J A t , A 2 , ..., A„ oUi3l 

ji 

A,xA 2 x-xA„ or n* 

1 = 1 


Relations 


ulifcuil 


iX» t JLo 


JA 45%JI 4lL~i jt iSMni! o\i B J A li) .Ju,*? 

■A x B ^ JJ*. « r//V 5 J! ^ 
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ill .B ^l A yo aS}U R jl 
JSj A JA jji'L Jjl \£ \L~?~ ^IjjVl 

b e B j a e A ^jj 4_> I ^1 tB ^ ^yL jL j<4«p 

: GI^vj yJWl <y.j.j*^ ' Cr* -^'j 


.tf7?7> ocSoj b £* R A5!)bdl l^J a jl J jijj (a, b) g R (i) 
,a/£b b ^ R a9^L*JI J a o) dyiij (o, B) & R (ii) 

y_* *-Ayr /? OiL-S' lil ij\ f\ t-»i Jl yt XsiJI y. R oils' li! 

.A as^Ip R ul J^ai tA 2 = /I x A 

4 _aJjaJI |_j —3 J *ifl j-s^ljjJl ^JS' itfl yfc 7 ? AS^UJI «wOjyu* iJjUaij 

.A-aUJl _ r s^U*Jl JS' ii* JA R AS^UJJ (_£jl«Jlj <7? ^1 ^yO-T-lV ^yJI 


Inverse Relation 43^*Jl 

J?' 1 Jjo^L; aJ yoyj <7? .B Aiill ^J \ A Aiill yo as^U- <^1 R ySuJ 

Lr u_£*j L-oJllp 1 ijydl ^IjjSfl (iilj' yo j^Sitf /I (^i & ,j* as^ y& 

oi ^i f/? J) Wy 


/? 1 = {(b,a):(a,b) g R] 


l 5“* J ^ {!» 2 > 3} ^ R={(l.y),(l.z). (3,y)| 5J>3(_JI ^jSU.ilApi 

S 3UJ L ,_ r U~. B = {*, z, >■} 

R- 1 ={(>.l).(z. !).(>’. 3)} 


>._£j^joJI tJjUaj t . (R j = R 0^3 <3^p I R 03^5” 131 4jt 

1 AsL.i'inj .c^-J'ycJl R >—ij.yj (JjUaij j^Jl* l.$*«*fl» ^a R 1 J (_£JLaJIj 
.A Jlp a5^Lp \1*j\ jjSo- /?■' d\* A ^ as!)U 7? oils' Ii] ,dUi 
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Functions as Relations 015^ Jlj-Ul 

/: A-*B <Jb JS* J-ii .JIjjJI ^>1 > 4^-j JUa 

_j (_iyOj graph of/ i31 jJI JaLi^o B A y> i$^L p ^^;;r 

Graph of/= {(a, 6): a g A, b -f(a)} 

A a ) = g( a ) o\£ lij f- g «OUjl—sy g:A-*Bj f:A—>B oUIjJI 

]-a-Ja>«^Jl I JL_A ^_9 <0^1 - k U-waU < j .. a\ _J <jI ^I fa G A ^alP 

(a, 6) vi> rjj Ji u ^. ^ ^ Ol X~ 

> » * 

^iJj' 4 _« ■/? UJ 1 0 JLA L^I B ^11 /i / 4S ^P- ^1 

OM ./^i (a, b) c jj JS3 /(a) - b ^ f : A -» 5 SJb 

I 4 J I jJJ ^sISsaJI 1 Oj jjcJ I 

*-Jy- tiO 5 Lj-Jj ^ a-* A -> B *Mjdl *cA»yJ 

./y (a, 6) X^j a e A JT (A x B 


utiiUU aj^uLT! uiLu^UI 

Pictorial Representations of Relations 

y* £_J>r isi 5 jl R 2iiJI S 3}UJI Vjl 

^j_S*AJ 4_i^4 ‘\S-3~ JaLoj 4.?d; mji*Al‘ jjSsAJ R“ ol Iaj . R 2 = R x R 

,M a ,v! I I Jl_a .S jJ I ^4iuj jj*JI i»I a'J I dll. 5 

“ / * , / 

JaLj«A ULj>- 1 .«> 43^UJJ (_g^ j> jya^J I 

■ilX-C-^l 0 4 __aJ jaJ l (J—® ll)j) £vT 5 4 _i ”/*J 1 (ji l- Xl t { jj» 

oliuco aJ^LuO Jjjtomi' ^xJi <LJL2L>Jl 

E(x,y) = 0 

.iJ^UuJLJ ^SLwJt jv~«jJI 4.«d> 4i^Ji Jalaps O 3 S 0 4JI>J1 oJlA 
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AgfruJl OluJl ^ JjUi 

Representations of Relations on Finite Sets 
R A_3^AaJ1 j—>y +aJ ^Jb Ia-J ^jbj*j ij^-S B 3 A l)I 

L^ jla^- 1^ /I 4jLaJ I labeled aJj^i*a L$s ja.^> 4,LJav,.«a 0^5* (i) 

4-sO^j-9 £—s<»jA J—S' ^ 0 jl 1 fS *B At«Jt Aj^Iaa 

0 J 4 I JU b e 5 r i 4 S^U- ^e- a & A lasj 

.matrix of the relation 4S%JI asja^aa 'L^J\ 
l a 4 ** |*“j*—* . /ai ia ^..7.4laI 0 B /4 tiP- ^ (ii) 

oJl$J JLi .6 4_5}U. LJ -U o'—S' li} b € 5 a e A ^ 

.4sM*Jl 1 arrow diagram JaJai-j Sjj^l 

OlidJl Oli^UJL) 4^*j^Jl OlJaJa^wJl 

Directed Graphs of Relations on Sets 



( j—o A__S^Ip R ij^Si' Lo JJP /? JQ^aJI yavl (^5 ^>-1 4-i>j!? Jb*^j 
J_S” jj-a La.^,,-*. ^ -j’j AidJI *}/jl t^Su . l^ail iL^LLa Ai» 

^jA—J. .>> _j AS X jjSj LoJliP ^ j-^alP JS“ J I x 

^bj>. 5-1 | J5L^ .Ai')L*Ji3 Aj^jaJ l Jalag* a Hi LLj^JI IJut 

M = {1,2, 3,4} 4X&\ R AjJ^l AS^UJJ A^jaJI 




« = ((1, 2), (2, 2), (2, 4), (3, 2), (3, 4), (4, 1), (4, 3)} 

.43 ^Jp 2 (j'if 4—«-i» j 2 ^ 

Composition of Relations uii^Ull UdhSjJ 

.C J\B 5 j B J\ A ja a5^U R ola C «5 <A ^ 

jl i.'iVi 5 j R lit .5 x C Idj*- as* S .AxB ,y ZJj>- R <j\ <j\ 
jLS' lit o(/? o 5)c /?o,S_j l^^.C as^Ip 

.b e B ucJ 6.Sc <a/?6 

a(/? o S)c if for some b e B, we have a/?fc and bSc 

R o S= {(a,c):there exists b e B for which ( a,b) e /? and (b,c) e S} 

^ gr ^ 

.RS -> L^J j-o jj. UL?-lj composition LjS'y i' R°S aS%JI 

.1$ J\ A AiiJt ^ as^Ap oi ^1 (A Aiiil J* R 01 

„ * 
Ljj . R 2 jjI j LgJ Jj»< IaJ b *-3yto (l fl - a ‘ 7? i ...^Ty) R o R li I 

.n A^^JI jljpVl as jjm R!' 0^9 I.LKaj R? = R 2 °R = RoRoR 

Other Types of Relations 

» * 

a_9jj*aJI 4_ol$Jl oLs^LJl it ya bJp JiiJl l Jl& .axs A 

Reflexive Relations <L**)l^*i*i|l OlS^UJl 

Ohs' lit td e A J_£l aRa Ohs' lil i^lSUil asI^U- y4 AiiJI ^ylp R 43^l*JI 

o—yj- a e A j lil A^—lSbol ^_p /? Ijl* _Jj .a e A ( J53 (o, a) e R 

.(a, a) <£ R 
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Symmetric and Antisymmetric Relations 

tbRa aRb oLS* IS] ,4_JbU^> as^U Lf ^ A ajlaJI Jlp Z? a5%JI 

a_JjU^o Z? j^a r(Z>, a) e R u^a (< 3 , b) & R 1#»Up -Ol 

.(6, a) £ R (a, Z;) g Z? ci*-^ a, b & A jl>-j IS] 

jLT li) antisymmetric 4 _aJU«sj» 4_5^Lp ^a —r A iiiil ^^JLp Z? 4s%JI 
o]-i (b, a) e R j (a, b) e R jL£“ IS] 4_;1 a = b pjJb _—j Z>Zta j a/?6 
(Z>, a) j (a, b) y>«.; a, b e A Ji^-j IS] iilU«£j9 o^i’ Z? IS) .a — b 

.a b Z? ^ l jLxui. 

Transitive Relations AjJm uJl Ol$%Jl 

Z?Z?c j aZ?Z> OL_S' IS] transitive aj Juc^i 4S^Lp ty*—j’ /4 ASiJl ^jJLp Z? 4a}UJl 
.(a, c) G Z? <j]-9 (6, c) G Z? J (£7, Z>) G Z? <jj2>o UjUP 4il <^1 «£7Z?C j 
^ ^1 J c ib «£7 j^UaJI oi>j IS] 4 jJjc4a R 

.(£7, c) g R ^ (Z>, c) e R J (a, b) e R 

R 4_a.ol _ a]^<^Ijj L^jjp ^wjccil ( j^Aj ^JjcJI 

i_i jju </t ^JLp 

. Z?" = ZT 1 o pU JSLii3 R 2 =RoR 

.aJLJI 4.»«.wJI ^Ip (iJLJjb3 

.«> 1 J£J Zf"cZ? jlT .IS] kiaj ,IS] iJuc^ jjSj Z? a5%JI 15.1 

Closure Properties 

U <W L>- P 0 l jjLJ . /4 ^Lp oli I 4 P^aj*<uO^ v 4 o Uajcs 4JL9 jmM 
P iw»L>JI ^js as^ImJI .Aj jjao jl Aii'Lftjuo <ota*)l»ill oJi$J 

43^ Pclosure P £j3 ja ,3^)11 . Prelation P £ji ,y> aS^ ty 0 — i ’ 
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• p o* ^ ^ 

/? c P(*) c ^ 


aIj'Lo^j) (/?) J 4a~m(£ju 1 (/?) L_^xSo .R P £^yi iS 44 ^Ip 

.i> JucuJlj iU U—Jlj 4^l£*iHI R oU!^U-l ^ j+*m :dJ i Jjcu (/?) j 

Reflexive and Symmetric Closures SijUioJlj 4—Ol3^P*iJl 
^ J^U)M ^ 4 I.L-J iJUl iJadl 

.A /Lp 44}U / ‘ij.Jaj&\ Si^Ull ^y> A a = {(a, a): a e A)} L* ,44}Ip 

Jjjlip m <iiJi ^1 p /? :s.2 h 

(i) R <j A a is the reflexive closure of R. 

.RuAj y> R J ^ISUi^l 3^i\ (i) 

(ii) R w R mi is the symmetric closure of R. 

.RkuR ' ja R J JjUxJi (ii) 

(a, c?) ^m^UaII tiJUbr R /1 ■ <AMil5sAjl (/?) /Lp ^ y >-1 SjLjuj 

4—L % L ft Jk (7?) Lp J J .. <aT » «l lj .R J^yj j ^Lsdl ^yAiii' “if ^yJ I J _/<J 1 j/p I 

.* Jl (a, b) oir iii (6, a) Sy>JI c bj\JI jr R J\ 


Transitive Closure igJUXqJi (i^^l 

ijy6 . R”= R"- 1 °R 3 R>= RoR ol /ii ./4 o*M /p S^p R /J 

*'=i> 


i=i 


. 4.■>»..•>>./J <L) bJ I 4 j jJajJ I 

,R S^UIJ ^-bcuJl 3* R * '-5.3kJ*j 

* is JUp >H Ik '_j*t& L»P ^ Jlpj 4ii^"*i< /j 4»dl i O i j j^j^ 3 

/?’ = /?u/? 2 u -uR n 
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.aJUI i*oJI ^^Lp jw ,y»j 

.^LoJI jut n ^ ^ xw; >1 aiaJI K ^ :SA*iJ& 

aJ-sUaJL \J**t ^ as^UJLS ^jjcuJI J’^U'^FI « jujup 

transitive(/?)= Rkj R 2 u---u /?" 

Equivalence Relations £l£UI ul3Mfi 

Cots' lij JitSi- 0>-£s- S Js- R S3UI .JJU- j^iiiS jS^S 
l$J oiLS' 13! S ^yJl p JsISj as^Ip ^ /? j! ,_fi <aj- bcto aAjUj^j i-*lSUjl 

:aJU! 

.a/to *a e S JS3 .1 
.bRa aRb oils' 131 .2 

.aRc 6 ^ bRc j < 2^6 oils' 13) .3 

.U ( JSLo <L^j\.■vaII p L-i'J! <*jai +£u L^ji ( _^a ^alS3JI as^Lp * Ijj s 

Ul t 5 l f^slSi* as^Lp S AiS JlP ^jLoU *'=" AS^UJI ,£%)! ^ 

.a e 5 JS3 a = a .1 

,b = a <a~ b 0^ 13) .2 

.a = c oi* b = c j a — b dlS' 13} .3 

OUjJflrcJlj jjlSol! Oli^U 
Equivalence Relations and Partitions 

j-p id ^ylp oUj.j»«J1j JalS3J! od^JU ^ as^IjJI JoJ! l-i* ^ 

oLuil j-* {A,} a_p^aj>ia jjb S iiii) P ^jsr«dl dl “ilji jS'ii .5 aJU- 

.jlxJldi uho^Udl LgJj S ja iJUJI jd Aajj>JI 

•^/ Ji a € 5 -r" J 5 * - 1 

.A/ n Ay = 0u}i A, * Ay oils' 13} .2 
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i-JUii* obi Jl Mi oJl^J r —JLT ^ja iS 4JLdU P \i *{_£^i-| Bjbjuj 

♦iJU- 

^ [a] jl aeS JS3 .5Mi Jp ^itfj 3 jU 7? JbJ 

(_£ I «/? 43 ^bd b a £ub Ja*j ^i* I S j+& bp jjA 4j^SbJ i 4£jjJ I 

[fl] = {x:(a,*)e /?} 


^ <A 0 ^4 6 £ [{?] I t5 ^9 <■* 1.1 ^91 ^a!I [^ ^4^mJ 

representative 

l$J j—fiji R jil ^vU 4 So>*j‘ S b<J JI5bi 1 jj) yoa 4 Pjja>«a 

jl *5//? _» 

S/R = {[a]: a e 5} 


./? S quotient set 4 a— 5 ^jU- *** —.ij 

.aJLJI 4j jiiJI elj^uo 4 a>..aII ^jU- 4ii] «u—L-'ill A-wpbijl 

S'//? 4a—aJI^jU- 4ii jujllp .5 4>all JLp jilSb' 45^ R JbJ ;5.5 4jJaj 

4^-j 5 M) ^ 

.a e [a] j\i a € 5 JS3 (i) 

.(a, b) g R oJtf ,13) itfj .ISI [a] = [ 6 ] (ii) 
.jjUiiu [ 6 ] ,[a] j^i ,[a]*[ 6 ] oJlT b! (iii) 


JLp 7? ^il^j' 43 ^P 4j|i iS* 4 £aD ^yA {/4/} OilS* bj bj 

.^ilSbJi jjvg9 ^a ^4/ oliiJI jj£y Cm> *S 

Partial Ordering Relations uujjttl uli^£ 

—v 4_ii)l ^JLp R 4_9^b«JI .obs^bdl ( j__< LoIa jLyas ojjy jllJI Ijla 

J y 

4 ii]| .iJutuoj 4iJU«x4j 4—-I5bul /? ojl5" bl partial ordering LJlljy 


- 78 - 



partially ordered Csyr ioyJl aaaJ 1 J R Jiy^ I ^-oyJl a £* S 

l-U jIj «4-..a.a>J 1 :>ljL_pbU ^j-Syr y <5 !}Lp ^ < ^ui .setorposet 

. iiil) sy)l <iiJ ^yr y! oy ^ c iS^Lp 

jl>-j1 C= {3, 4} *B = {x,y,z} *A = {1, 2} c*Japl 131 5.1 aJ jJbxA iJL-w# 

.A x B x C 

Solved Problem 5.1 Given A = {1,2},B= (*,y,z},and C= (3,4). Find: 
Ax BxC. 

*a e A C-.—?- (a, 6, c) 4_*j'yJl ol_^^bll ^y# OjSoj A x B x C .J^Jl 

Lj» J 'X-±- jjaia J£L£» <JLp J j-^asJl ,j£aj A x B x C .c e C ,b e B 
A x B x C .(5-2 J_SLi.) tree diagram JakioJl j*—L lJ yu 

y»*-iJ 1 Jala->»Al 1 y-Aj <—*j"y*Jl Cj (12) yZ+p ^iJ*ill hi yS (j 

<h(C) = 2 ,«(£) = 3 <n(A) = 2 jl Ja^ 

x B x C)= 12 = «(/4) • m(£?) • a?(C) 



(1.x, 3) 
d,x.4) 
(1*V, 3) 
(1. V. 4) 
(1,*. 3) 
(1.x. 4) 
(2,*, 3) 
(2.x, 4) 
(2, y, 3) 
(2, V, 4) 
(2,*, 3) 
(2, z, 4) 


5-2 J& 
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.B - { 1 , 2 } A — {a, b y c) y» ola^U3l iJLP Jbrj? .5.2 ttjbx* *JL-a 

Solved Problem 5.2 Find the number of relations from A ~ [a, b, c) to 
B = { 1 , 2 }. 

ija m = 2 6 = 64 JbJbJLj AxB y ^>Lp 3(2) = 6 :j*Jl 

m = 64 y* B A y oli^Ull iJx- JJJJJj A x B y 
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juJLuJI Jmrtll 

-iuuiu 

Graph Theory 

: JmsaTI 10 a yi 

uQUJI JSUA intuit ✓ 

,-iuu-^n ,-iuuin (/ 

JSl&UI 3 ujUI uUaU&l .JLjjaJI wUakall ✓ 

wUakPMj 

imijui iutjtai ✓ 

a*Lai uihiwm ✓ 

2lJUjj XMt&Utj 3L.LUI ulkhMI ✓ 

uUakiai ✓ 

Introduction: Data Structures uDLuit JSUA ‘^UJuU 

♦♦ ► ^ ♦* 

0 

tf y> ")!Ju It-wiUJI j»^JLej oL-^»U^il ^ ^ 4-j'^l #■ U—S'l J ^v 

ijb- 4J I ,4*j\jllJI jbni's/l <4 ^>-^aJI t~jl L.U.4-A \ 1 ,1 ~j\Latj4- a 11 

S/UM ^ ol* Jt.jj*? <ii^S ^3 { Ji^ 

u^l (jisl—li .oULJl ( jua_aj ^j—P- J Jill 43lx>«j LxJ^i L^JLp- 
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stacks ol_pointers olj—ijAJtj linked lists 4_ \y*yA\ ^ -Jljidl 

.queues 

Linked Lists and Pointers 

4 Cj 1 l jaj oi .(JLjLe J y—o p JLaa »* Oj f ^ ■* j a 1 4__1^I I ^-i) I 
i I p i<l record jsin 4^i ^Itj J>...a .. 1 l 

liJLJI oliL-Jl ( _ j JLp v-aUJl « 

Adams Brown Clark j Drew Evans Farmer Geller 
Smith Ray Ray j Jones Smilh Jones Ray 

. O lj LJ1 o Aa ^1p Lftjbj l^> | j^Aj j l * > « * 1 j I. V i l a p jl La 

.^LLaJI ^sLJI p_Mil jl>-jI p—I c*Jag-1 lij I/t aJUjJ! 

.4j 4 aj\J JL»-j 1 <£jU! C*»iaP 1 lij I B 

ri.*.y<LxJl oLilJI oJu_A y-»y>tj L$_j y .5v^i ^yd! liJiP ^jisbj 

.OLLuJI ^ip B £ A ^yyJLfcjd I ^ J 

*_i Lfe.ll I j_A | jJxAJ Aji jyA 

jl) y—Ju& { j— 6 4_j afy-a 4._Ajla«< aL LsJ! 

(jSfj . L a — y il 9 m l p \a $ ? a J—|_$ jy « W »* (jjO^jAP 

J A 

,/t 4_Jujd I f-11 JI y** *bJb»«j| 

v^a9«JI ^jL B aJaaJI «2JJi y* ^m5ka1 I ^Ipj 

oLjLJI y—>y>*j j $v> A ll y* ,4jo1 JS* <J 

JaJ 1 4-u LJ' i’jjtitj Lla JLtcJu^I ISj ^ ...» o^ljJI ^9 

1 £__y3^J _JJ 1 <Lj jaJI AAjLail Jo Lj‘ I 4j d U Q_|.>- 

La- odl .LiJLJj) _j*P JlAy? 1 ( J-kAP- a) £jl» JtA~* 4ij4yaAil 

lj—* jtr-& ,j—* jtr-^ ^j-^T fc}** 9 J* 

.lisL 20j 1000 X yS\ (_^jl) jir lil ,Sbui .iijivxJl ,y jLU»Vl 



Hill 

Infeld 

Smith 

Ray 
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Ja 29 lJL a «4ajLSJI oJlA 5jS'IAHj 20,000 j ^-l£»*****9 

.ojjii ° i ooo 

j*- 5 ^ |»-X>»x—i' oLjLJI ,jiaU j 

^ $ 

^4>mj lJ Ij LJ I ^<^LlP Ua^>» uUiM 1 4 aj UJ \j 1 ^ ^ 1 

$ * t 

6-1 1 I ^U...Ij< ^Ja*j |^LsJ! ‘ -■* jzi 1 v^»<>- nodes 1. 1 S p 

* 

• <t<fr C‘«« I 4 J 4aj Lflj UiJa^bO ijigi. 


i! jlJI 



6-1 JS3 


o-* oLjjIw JjSM -O-ty^r J! p—*' •■*** ^ 

/\ J jj— 1 (J 1>*aJ I ^y»lijl (• ’ * < * I J l 

iJLa>»aJI IJl* .4Ajlji)l ^9 <CJlxJ! cJ lHaJI ^1p ^5j£>o <^JU1 (JUj^o 

.4aJ Idl 1 l^J 4 J U l d JJUi 1 ^jJ J Le 5 JuitP ^ Jalaj^e |» ^»j ^ypyi jJ*JaJ0 

oJ_a*J 1 u^lp 6-1 ^ START aj IjlJI j ^Jcoq Ciul 

^JLp djA^'in d Jji*. U ^JaJI lH>*^ (_£^2C»«j ^Jj .iajLSJl ^9 

.4a 5UJI ilgj Jl*j. ybj null pointer j-2»3aJI jjb** jljJLP 

6-2 ^_9 Ovdy A^Jlyg *ji oULJl 4 _>.»»*I JjjiaJl 

( U Jl>*j l 4.1..^a.4.S.« O U i^iyaA J>jp^j Ja^- *}? . <3 I pJ I I jJil l j» JL>«.;.^Yj 

t- ^La-*JL1 

J>JL_»*j fej ft- ^U. « J 1 49 jA^ojb ^jljj' ^ooLJJ CjI jIm Jps ASjjLvajO Wu.I 

* 

. 4pa! j a /l a^JLajiJ 1 *■ iI j^Aj_ lil I j 4 a.,m.'A L ^ LJI 
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6-2 


WS* ^Ij ( J^J S-^AajJI 4ajU> U^S dJJi Cf^ * AfiLs^'ilL 

£j\jl A3j^d«^a< i£j 1jp START (i 1 Jl>) jJm^j> a a y <a JL»-^i' I Jb JL>*j J . LtfjUu 
~» NEXT j—jiyb 4 >j)fl» Jl>-^jJ .^jLJI p (Jji I 

Ji J5^ 0 l5j^‘ jO £?M' <Ji 

.Ray ^JLU 6-2 ( J^-i (_j$ j>- fl— *^b l^JI j^-**#. ' oJla . (aaJLhJI 

>*JJ c-lb *il 4j1 iAe-j^Mj aJ 5 4«Ju»jdl p-I_^>-I 0*^1 ■£ 

^yJL La-j . ( j*« ^ LJ p. ^L&jJ I 4aJ 13 ^1p lJj)«i<t>t11 p- 1 4aJ 13 J ^L>- 

. (o J 3*m 0 A* iZu ^jA j) !^_>— 


Algorithm 6.1 The name of a salesman is read and the list of his 
customers is printed. 

Step 1. 

Read XXX. 

Step 2. 

Find K such that SALESMAN[K] = XXX. [Use bi¬ 
nary search.] 

Step 3. 

Set PTR := START[AT]. Initializes pointer PTR.] 

Step 4. 

Repeat while PTR * NULL. 

(a) Print CUSTOMER[PTR]. 

(b) Set PTR := NEXT[PTR]. [Update PTR.] 

{End of loop.) 

Step 5. 

Exit. 
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£-Jaj 4j '^aS' 4aJI£j £j UJ l J I jjL 6.1 J P* 

. XXX 1^51 .1 

.[^Li)l o^JI .XXX = (K) £*Ul K j^/\ .2 P/W/ 

.[PTR IjloJ .PTR:=START[K] ^ .3 P>W/ 

.PTR * Null UJLU olj^kiJI jjT .4 P>W/ 
.[PTR] J*~J! £l*\ (a) 

.(ojjjJI [PTR cba.W| .PTR = Next [PTR] ^ ( b) 

*5 4jb*eJl 


4jjJ j*)\ ji? jJaJl (OUjJi 

Stacks, Queues, and Priority Queues 

^-9 Jaj‘ l ij 1 olij.a.^aA.11 j^S~ oUL^JJ J^Ljb jJllA 

.queues .stacks oU^I ^ J^L^I oJUb .oLojjIjiJI oliaJai^ 

I L5 i‘^l5' jUa^i-t priority queues j*>\jL> 

(j* Jjl jJi-Jb, ^jA J>~\ ^Uai Cij I ^a. 4-*a j> 1 iStack (tf) 

J-JLP JJ .>J Ja4d iJa>- i«JlS ^ last-in-first-out (LIFO) 

(jLJpl 4 —*»j 4 b^ff- ^ <;-ij ( JSL$JI (JlA ."top" 4.A it) I ^A^rnJ 4j Ljj 

—Jaj oJu JlsJI jLL’il ijl Jsu»-^L_3 6-3 ^ .il^Usd ^ 

4a 3 JLLP ^ -laa9 JLLSM JLi-ti* £aj 1J £*9^1 £oJ JULP ka.9 



Slack of dishes ju.’ii 4— 


6-3 JS3 
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Jjl ,j—< Jjl" fUai UajJ <J JUj jjjllaJl IQueue ( b ) 

cii_>J! ij, .5U». <Joi- luJli jaj first-in-first-out (FIFO) 

4_iU»)[| .IUjUH “front” "i_*W ^_J iuiUU SJ^Ij it*; a^- 

J 5 L 4 -JI U* “rear” "Sja-Ja" 4aJUU (£^*-^11 -Up Ja£» 

.6-4 Ia^ a]o9«aJI ^ ^Ul jUa£jl Ja>- <AjjJp | j- Jajo 

4 w ■ *!. >. jA j^jUaJI jii>i ■ » Jji 01 

.^UaJI J) »_*a.L 



j >-^4 >■■> ^LuJI ja iii S’ I Priority Queue (c) 

i fc ^ ji j.^iinU) UU ( jS3 Ljyi oJbJp- j 

P'LojJl jjjIU 5 i‘ j*£j IaJI^ 

oL-^jii .i^t out ^ m ji4ji jj ^jr ."Vjt 

j-aouJI <y jjA ie.iUJI 

4] (^jJl j£iy cjL sp! _p-i S-^^J I ^ highest priority 

j-^aXP Jji ^a J^tyi ^ ijjJjl 


Graphs and Multigraphs ulhUMJ jJduuaj uihhMl 

ja CljSoi G graph iaL^JI 

.G U>>iJI JloP JI JaA* jf .*.7 Laj^Up K= F(G) 4Jii (i) 

jyk-J aaIs^a JA vV ^ ja E = E(G ) isi (ii) 

.G <u)l edges 
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.G 0(V t E) _j graph JaJa^JI y>j 

\J>j s- j >-j IS I adjacent _>«£* _ \ Jl —h v j u jl_—1^1 

jij e v j u lj a—j» 4-JUJI oJl* Jio ^ .e = {w, v} Edge 

^ J-*' incident u^i e o I Oajl J LiL <v j u e ijj^cJI 

.V j W 4 UXjL$j ^yJaflt 

V ^ju |j J_jT Ju <<U^->.Jg 4jbjiaj ^ jXmaJ I oUaJaj^»J I 

J_Saj e = ( v i> v 2 ) edge vJ^»- 5^b jl) ikij J£aj> F iu)l 

•v 2 J v, 4£jL$i ^yikii kijJ 

Multigraphs Olkk^-Ji jUm* 

* , 

SiJjCia (jL a e 5 j 64 j><S I j^j 6-5 ^ JaL jm>»J i | jiiJ Ij 

c 6 vJ^j>JI dLJ i£j C rS ^oil^JI ( _ rk ij ^ j^Laj La^jSI multiple edges 

^a m>> U U^aII I j_& .£) ^ ^ * julp <.•.•) L^j d <_»■•>- loop o 5 jP jW, 

j. ^ graph ■L.ki.AU .multigraph olLL^JI *j uzo 

,>JL jUA 4_lL 1» L^»aU lJLjjJU $sAj IS/I iA—tdj 

J 1 oiJucja lJ y>~ 1 Uj-L> oLLL^aJ 1 



6-5 J& 


Degree of a Vertex 

G ^i t-i^>-S/l iJip ideg (v) «G Jak^JI ^ v ^-1i>-j^ 


- 87 - 



0*y*J Jl i-jL—^ -Up {jJj* -bo JS' 01 Iajj .V 

. 4 JI 1 H iol$3lj oia^.-Jl Z^xJI lb jJ 0G ^ 

.} J p iwfl juj; . —.i G Ja. Jai»AJl ^ U»L>-j.> £ja>«a 16.1 

.G ,y 

• isolated l«if Ij ^4 * M } m ^ Jl) f 

Finite Graphs; Trivial Graph A3lsJl JaiwtJlj l^uJl Olkk^Jl 

^Jlpj jll ^jjO iJiP 4 J 01S" IS j L$Sb» <1 Jldj oILL^aJI jJuCLa 

* * . , 

£jA ta-U- JaIa»*AJl OIS' ISj 4j I Ja>- .<_9 y>- I | j^o Jl>«A 

♦ * * 
v-^- JA bj-Lxo) b-lp 43^9 

1 Sj 1 4 J Jl>-^j 5JL>-lj ^j-ulj 4 J (_gJjlj ^-*'1 la la j», a , I j . l^auO UaJa^o 

.trivial graph 4 ibJI LLUaJI ^^a—j (oiyibJI ikiJI ^i) 

uUaka*j JSlwUI 3b^i ulkkatl *iu>l! utkkalf 

Subgraphs; Isomorphic and Homeomorphic Graphs 

Subgraphs otfaJa^toJl 

l LL^ (^A—i //= //(r, £0 LL^J\ O^i \h*^> G = G(V, E ) jtf IS I 
jj-Mjf-j s H l3j^»- I j coils' lij G JakxAil subgraph Lo^»- 

.£'c£ j F'cr^pJ 10} «G oi^ij 
la U ,a ) I G(v, E) J —a H(V\ E') I iak^JI (i) 

E' i*Jj s^S/i 4 _a cbLS' lil V j aL_— Ijj induced jlJjxJI 

jj-I* L J®— 21 1^1 G ^ iSj^' 

j-* G -V iaJai-AJ! d\» iG J J\ J^\ V coils' lit (ii) 
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G { j —0 V 4_JLc- ^JJ! Jala>«»jt jA G UU4.aH 

.V JU ui^t JS' Ji> dUiSj 

G ^ j sj» JaJa>^o ^a G—e G -L>-l e li] (lii) 

.G ( jA £ «_9JL>o 4 -JLp J^3.>«j 

Isomorphic Graphs oUakpxdl 

JTL-ii' ^ u^i G* = //*(F*, £*) ,G = G(K, £) JU 

G ^ U^>- {«, v} o$So /: V-+V* t£iU»4 ^kLi’ IS) isomorphic 
oUak^JI ^ JyiJ ^ oiUj .G* J \ls- {/'(u),/(v)} OlS' <m Jalij ,Lt 
^_Ja*j 6-6 . LiLpt* jJLj 1^ UJa^T l)^ jjJ JS^LiT L5® 

JS'l_^j-i qI UU4.a t a & /? j /i ol Ja>-^i ojj^aA ollala-U.a 10 

.^iUi JS'liy olLL^J> Z J V *S .M ,XJ K ,T j F 0»\ .^Ul 






M 
X 

6-6 J& 


Homeomorphic Graphs 4 a $•jsJl oUak^x# 

* ' » 

t—9^>- (_^1 |»««■ fl.V.i JLjJl>- UU4.a ^JlP <J s ^»>t1 I 1 IiCa i <G UaU-Ua LJLc-t I j I 

4 ag-^j' ^ ialaimO —J Jl—S j G* <G (j\ laia-U^.II G ) j_A 

j__4 ji Ja— LUaJI ^_j# U^_JLp Jj_sa>JI ^-£#1 lil homeomorphic 

J-^L^ (Z>) J (fl) t-jlUU4.AU .AjL jiaJi oJl£j 1 JS'Lijr i"ilUU4.a 

l)j_ va>JI ^a.) 4 >*}/ <4a*jj ^IaJa»«ja JS'Lu ^ L-J 6-7 

.4***lia (c) j«— ijJ I ^jA ^ 
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(a) 


(b) 

6-7 J& 


(e) 


Paths; Connectivity iajljUl 

j -Jl —* 4—ujUj* a_*jLxa j_4> G o\ laL->»Jl j..^_ 9 path jL*«aJI 


e i ^ d\yh Vi j v M ^ e, «Jy»- JS' v^~ 

»!_.■*Si 1 jj jC.v Lajllp .jL— yJI (Jj)_J? .ajoLsaJI 

jJLaa jl--Jl jl Jli ,(v 0 , V|, ..., V„) 4—ijij ‘‘ajL^ao jL-JJ yj i>*^b 

y-s 4_ii jf *v„ Jjvo y jL-JI d\ Jyi JU3 Jt* yj .V 0 = v„ c-jtf' 13} 

• v « J v 0 OtA J-^. ^ ‘ Vn J V 0 

1 «I .4 a!?•>»« ^ .*> jL-j simple path L«..-.JI jl -Jl 

cycle SjjjJlj .trail aJ JUJ 4 J ^JJl jl—Jl 

0jJJl) I iVj V(| I JLpLa 4fll y^ A 4*»J^ J JS'j I ji 3 aJ^U jjIm jL—o 

j^-p lJjlm .A-cycle JjJ» yo 5jj^ At ^yll 

<J’ L » y - J L v u ^1 jl—Jl 01 ^y oi y ^ J 

•u^a **a*sh yK/VJ - v Jl ti ^0 Ja«Mui I j La*a 1 \j 

jL-a «lii iwij J3} V ^-bJl Jj m ^yfjl y jL-a -Lry, 16.2 k^Iaj 

.V ^} W yo U^ .Mi 
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ikilyuJl OlT yj\J Jajljs)l 
Connectivity; Connected Components 

f . * 

0- 4 <>* -j'— 4 j_»-j lij connected LJajt^u oj _So G tLo.n 

6 - 8 (*) j-i i. ^11 t j_s3 (Jajl^yO 6 - 8 ( 0 ) jJ5wi JLL>*aJI .eUuJfrj 

•E J D < J+ r * l1 ^4 jL-oO 



(6) 

6-8 JSJtf 


4_tajl jXa y# j G < j4 // Jail jSaJI Jaia>mA l l 1 . La G 

Lr J^»- U-^i. sijx>«ja ^ H cJlS’ ii| ,G joa connected component 

o-^i G Ot J-* • U -^ 8 G a 4 -M. r* 

oL-Ty. ^^L> A <J 6-8(6) J_SLi ^ G J»J***a }Uui .iUyJl <rUT^ 
<{E, F) t {A, C , D} oLjj ^ jJjxaJI Jy^\ Jak^JI ISUy* 

.{5} 
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B o *ii iljjd-fl j 1 jA*.6 L* Ij 6-80) B ij-i Il 

B 0^-i Ja_s^-^L« j * La5" IJl$Jj .deg (B) = 0 ^y >-1 SjLjuj .«-3 y*- ^1 I 


. laJa/>«A-D iiajl yn> <£y 


Distance and Diameter jkiJlj 4iL*< J l 

v) G ^9 V j U ^11 AsL-aJI .G JsjIjXaJI Jaiao^aJ 1 y y*j 

yjb diam(G) G Ja iaa^cj I j_Ia9 .V j W *j jLmJ ^va9 1 

</C4, B) = 2 <6.90) J-£-i ^ ^Uui .G ^ j .vUs; j— 4sL-j 

.diam(G) = 4 j F) = 3 <6-9 (Zj) JSLi ^ Ujlu diam(G) = 3 j 


b E 



c 


(b) 

6-9 J££ 
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Cutpoints and Bridges jaU^JIj ^kiij! 

13} CUtpoint ^Jad 4ladi G y V IijJI Uajl yjt UaJa^o G ij\£ IS) 

G — e utf 13} bridge l y>^. G y e ci^»JI .Jsul^ ^ G-v 015“ 
(^=» ■ ^Jai 'ihz, ^ D ^-1^1 6-9 (a) JSLiJI ^ .±u\ya ^ 

.jt** y* e= {D y F} lJ^JI 6-9(6) JSLi 


* 

*44! uU4a*ll 


Labeled and Weighted Graphs 

# * 4 i * 

yt oLsLu 4—»J?-jl/j 43 J&- 'if OJH~»l 13} Lla->%jO j_5 a — 4. 67 JaLi^JI 



6-10 J_SLS> . 6 Jj_Ja J 1 Ojj j G ( jj9 £ i»J_^>- H'(e) Lj) 

(JjJ, ji) ojj .4-^ilj 4—aj^L) j^JaAd Ujj Lljj^ UaL>«A 


cH £j~ AM 4jL i^jyu UJjjaJI G UU4-a\I |Jl» y jL^aJI 

j ya$1 ^l>o} oUaL^tJI 4f._ r IaJ ^ ^L-aJI |*aI (_£JL»-} . jl ...a,H 

6-10 J_SLi ^ • — j * * A A ij ^ | ^jO OjJ ^ I a 3 ^ jJ \ J L> » aJ I ^ I <J 

• 14 y> Q J P jL-a I J jia 



*£>*111 4jjUjj 1wU41!j 2uUll uOakMI 

Complete, Regular, and Bipartite Graphs 

1$ Sa JLw 3 I Ul* ^ 9 j ."iiUl^- A U g# 4 aLx>*j 9 J SJuJlP 
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. t-fjZjsrwzi I iLiUj oUo]o>*aJIj A-aUslJ I oILL>*aJ!j «LoUI ■ *• it LL^- a 11 I^Jhj 



6-11 JS& 


Complete Graphs i«Ull Olkk^Jl 

\£j ->-1 lj J—& G lj ^ oj^ IS] Ail G Jli. 

_^S pL_xll JxU^vaJI . \Ja*\JLa U1 *_ 4 >o G ^UJI Jila>uJ U till ill j .G ^9 

•^6 Kl 1>® ollalai^l 6-1 1 •A',, -j aJ JAj) {j* « 

Regular Graphs <L«UaJl Olialaxjl 

—A ^jj 8 ^j- 11 1j OjIS* lit k Aay-ji ^#Uai Ail G H (JLoj 

( j—o d_-ujf-j J__S CJl_S' IS] Clellaj lalaj«x.11 (_$I SjLjuj .k A>-ji 

• A»-J I A > 

.Al^g_*Mj tg__Av?j ( j5^AJ 1 2«1 (0 Asy-ji jj^o <UjII A-aUaJI oUala>iAJI 
CwJj oJl»-Ij | _y«lj aJ Ja **m{ JaJa>^e y 0 A y ^yoUaJI Jailyw»JI -lalaj*A-lI 
t-S^y-A-J (j^Sla JaJa»«jo jA 1 Aa-j^ Jajlyi*JI JaJa •>*».) lj ,i»3_jA-! aJ 

( j-° W aJj 2 A^ji y ^yaUaJi Jajl^S aJI JaJaAt»J I 3 . Lft-flJLu ( J- s aj .Aa-Ij 
.lIIIS 6-12 'U A*7 j l y SJa-Ij ojjA ^jA ■Ula>»a ^A 
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2 O* (»') 

6-12 J& 


f j-A J_L_c- l$J O^-^i Ul >-■ >«j 3 ^ A-ooUkJi oUala»»All 

6-13 J-SLi .(^-1 *—ij^) ^'W\P 

L_a^Pj •0*3*^ CP ^ ^ CP 0*P^" J^-P* l a la ^r a £+Z>js. 



la L ^. 4. 1 1 jl Ja-^-^J <( j-j Jj 10 ^j-Ip <_£j-£>«j l^uo 3 i?-jJ ^ lloltaS 
.« - 1 i»-ji CP ^UaJ lala->» a j* AT„ CP n lP 



6-13 J& 
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Bipartite Graphs Ol lrzla7 x*Jl 

(_$-M l j —>«j‘ V 4 _w/jJj cUlS* IS| f-^j^udl ^5 Lij <Jl G 11 JlA 

■ N 0~* ^Ijj M j-o J-vaj. G ^ JT 0~»- N 3 M ,y~Jyr 

) J —£> S3 y*&y* M lj ijlS" IS) ^b‘ I ^jLu taJa>rAll ijl tJ^A> 

jiJLfi- n J «M w O*o- A'/nn-e Jak^l IJl$3 j*jL 3 *N y> ^\j 

i")1UU-LaII 6-14 J5ld .tn<n 01 ^*il_Ji)l iiV 

• k_3^>- *}J l ^yi mn jJlP 4 J lala^iftJI 01 ^»w?1^H • 1^2,4 <^3,J *^2,3 



6-14 J& 


Tree Graphs 3 u>juhJI ulhU?U< 

4_l.?.a 1 .oljj^ 4_j 1 b.l^va T OL^ (SI tree 5 T Jak^JI 

<_j ( j^__J Ja L>«a G forest oUJI .6-15 J-SLi ^ ■< jU-ibU 

4 >j^a.1 1 oj 2 *Ji J1 .trees jb»«0t1 G ajIaJJ aujI^aJI oLS*^aJI IS] . oIjji 

f f . ^ # 

.degenerate tree KJU^ oy*£ UJ A_i' <*J>>-1 OjJb Si Jcj> { y\j y» 

\S^ 0*i Jai9 JL>-!j Ja*.-o jL-«a 4j 1 £tO»1jJli . L# T 0^^ 

luiul ObjSo lO^ai 1 0]i OAIS • T 5j.>»>'iJ 1 

« = {m, v} vJ^sJI Li^lj T {w, v} (a) 

£ (_Bj_»OI ( a_j9 T _B V ^1] 1/ ( jA Ja^wJI jLaJI 0]b *T Ji 

.ey>0 T Jju aJ 013 Jbjj OjJ.i ObjSo 
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0* e T ^ e - {«, v} zjrs *<S^ V-^ o* (&) 

li] . (v j U jL« *il Ai"}/) aIsjI JiA Jaj pj T ^JUljj T 

.5 j>i < t Aaj T 

lA.^Ia pUalag^aJI 0j>^> LsJUP A.JLxlI Aj^JajJ 1 


•'l V 2 Vi 



Vj V t V, 

(a) 



ib) 

6-15 J SJh 

Oj-So' JlJJLlp Ji ,j«8 « > 1 (_ji LLLj^B G *6.3 4jjJai 


:iiil5^-o XJLxJI 
.S^^i G (i) 
n- 1 aJj G (ii) 

^ 1 a3j .Up. G (iii) 

(j I k—p-«J I JP /7 l$)j Av^w&j I T 0i (j I Cdu I \j^A9«J Aj^lajJ 1 o JlA 

'jtj'f.j 9 t$J 6-15(a) J ^ o^»^sJI )bo .cip-S/l ^ «- 1 I4 J OjS^j. 
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12 J Cij 13 IjJ 6-15(6) JSLi ^ aJ^I 8 j 

Spanning Trees jbjt-iSll 

-1* Ja>»ftJl) ojJ jaJI ojj>uJI j (7 JojI^XaJI Lla>« a. 1 1 ( j^o T JaJa>b«JI 

6-16 J-SLi .G ^ J_r T joy;^ Feels' 13) «G 

.G Jala^ft.ll oJlJjaJI F 3 j F 2 <7*1 jLswi’i/lj) G U»»aJI 



r. r 3 

6-16 J&& 


Minimum Spanning Trees JiSh jl^£»Sh 

J-L-P 4J .... « ■* G jl (^1 I j y* Uajl JLa ' UU -^-n Q ,j\^ lij 

* * * 

Ljjj G-^>‘ G -ta->»A.U 5jJe1 U^4 <l_ 9^>JI Ojj ^a—j t_JL* 

G U ejJ ^0 0 ,J51 • F ^9 t«_9 «U. l p LJS" 

WoJ 5 -^J* t^* 

J_5*>M ojJ^i jU^I iUcJ y IuSUj 4 JUI 6.2 B <62A oUjjlyJt 
4 _1L»J1 oJ l* ^9j) I |j* « <1 G ^..»- G Ojjjj# Jajl^Xa Ma->»jO F 
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* * * 

J ojJ y Jj| JU>-j OJLP ojJ ya Jil Ojj 

jV l——aJULP (ojJ^o oj2*Jv ^Jil) O^j ijl jLx-il JL>-^j JLS 

^-9 v_3L-. ti ji O^i *if <)L>J1 eJlA l^j® -3^ O^i 

jl ^HsJljj .Iju>-j L*sjy 6.2B jl 6.2A ^y> 1 SjIaxJl 

5 jJ ji>ul Jll 


4_jJ£xJ 1 oUalag^aJI JL>-jl .(7 Uala-xa 6-17 6.1 aJL^A 

9^JaS Jaii (^1 L$J G ^ eijL^o L$Jlp J-*a>o ,^1 

Solved Problem 6.1 Consider the graph G in Figure 6-17. Find the sub¬ 
graphs obtained when each vertex is deleted. Does G have any cut points? 



6-17 J& 


eJLft i_9 y>- "ill y->- C«aj I <_ij.-x.vi (7 ^ 1—>»lj li#j>- IS| 

0»y3 ya G fj—A jj-lj cJ-Lxj IqJLp LJUay ^ydl <U__H oUala>«AJi 1^Jl 

.^Ja® ^iafl.t ^ iiajlyia oUaJaxuaJl ojja .6-17 ^J^Jw ^ 

l^_S I C7 Jala»*A.n jjj oJlJjaJI jU>w>*^M -L>-j I 6.2 5jt_*_e 

.6.18(a) JSLi 


Solved Problem 6.2 Find all spanning trees of the graph G shown in Fig¬ 
ure 6-18(a). 
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X/ \K \r \X 

(A) 

6-18 

.6-18 ^ 1*5" ^ JalaiwAJl (j* BJJjj ^jIaj JL^-ji" .J^il 

<_*ojl aJ G i_3j_>- S/l ^j-a 4—1=3 ^j-Jlp 5 JlJj^s 5 ( J5" 

U-* O^J*" W-S^ J^-vx>JI J-^4J 0J—>W jy» dUJJj 

( j_ ; uOL^i» 01 *il} *Jj-i» 10 _ > a_jjJl>- ^ Cai (jjbj ,G ( j-o It .a-L'I ui j >-"ill 

i O^A LlA .Aiajl^ZA j*P ■ "ilUU^_« ^Jlp- j O^jA^j Lft..^JLa 

,G jjp«4.11 sjJjaJI ^Ajf (6) ^ sjJjaJI jU^vl 




jjUJI 

Ututl 

Binary Trees 


AjjUifl jU&Vl ✓ 
Suzaij XiLUl 2 u5UaJI jUSVl ✓ 
ejSiail yi UU&I jUaVl J^U3 ✓ 
ajuuiti jUiVi jio?i ✓ 
Ututl uajJI jUii ✓ 


Binary Trees dLuUuil jipJuVl 

^ ^ i ft 

m K m * * />0 ^g A ■***■ < j^luJI 4^V*4> 4jU l^JU l 3r LaJ«J 1 >*y' | 

j I (<L j a ‘ f»\ l j 1 aJ V>«31 5I ^4-«t) aJ \£- Oj£j T .1 

" > ^ £ 

"root of T' \jX>- l y^>' R o^am 5JL2p J* T .2 

.Tj *T\ aJL «,<a £ jl a 11 AaJ Lil I j S/1 Lj’j^o by- j j o^Sb' T 

A—Jj^Ji O j I QL>a_ .- r To <7\ R <_$■JLp T lil 

C” T) CaiL-S* lil .»_.«■« V jaJI /? AaaaaJI S_j5y**2Jlj d.H a •-'i 

lit J±aJL_»j R _J left successor ^jL-aJI <JL_UJI ^■~ ;> Uji»- u^s aJU- 

.R J right successor l5 ^aJI <■ iJUJI U j±>~ aJU- ^ T 2 cJlS' 
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v_d_>jAj a_oLm)I 5 j_>wsJL 3 JjL-J! 

«7’j 4_-oJadl S—J'Jjj T’o'J 

Vl r ^9 Af eJlAP 61 Jb Ji>*xUj *^2 

i>j_ a»il .successors f>LiUJl j_-o 2 jl 1 <0 iO_p 

,' ' 0 > 

l$J _1 iS I terminal node 4-i_^s> 5-iip lj a— i’ 

oJ l_ 5»U I ( j_<Jj»w>i I 6l-i dJL) JJ . a LiU- 

.6UJ^- 


Picture of a Binary Tree 




-Li L . T ojj+a .... 11 ^9 la la a 2 oilp T 4-*j Lil i 3I 

Phils' JLsttf 3^ JiAb. 7-1 JSLi ^ laki^JI 

* j A 

1 J_p Lo Z> ^_J I /! \_j j io > SJiP 11 ^Jlp ja AjjSu T (i) 


. 1»LxaJI 4a 9 ^9 /l sJLioJ i T o 

$ * 9 » 

// J LjL-j UL>- JjUb. jV sjup jup jLJI Jl J 

y £ ^ 

.// a JLoaJJ Uvaj lil>- ( J*aj. N JUP ( j*A-Ji j 


./ lJ^>«J1 
» ji-- (ii) 
I Ja?Jl (iii) 
I JaiJIj 



7-1 j££ 


:7-i JS^ ^ dUS 
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.A C B (fl) 

.F iE <D cB , 1 . 3,w,li { j— a j jj A jJL_»*JJ ' 1 4_J^>*J1 ij—syJtS I (6) 

.L tK iJ tH *G iC JloaJI ijA o^jj A _J 
J *E ^—o-Li*J \ ( j_4 <01 il>- H iC (B tA JlaaJI JSd («0 

4f’\. _iJl>- L$Ju» > }| AT tL tG iF »D jJLaJI Lei .Jaiii _l>-1j * al-u 

■I " * f * 

Jup l$il ,^1 

Algebraic Expressions Ol^,jcJl 

JjU LjLo CJLLt.fr il4l jmXJI ^mPI 

E = (a-b)l((c*d) + e ) 

01 ^ <»»; .7-2 ( j5Lii ij^vxeJI T <Lj Oil I Syy.ll l 

4—Jj^J 1 jL_»«-i*Sfl T 4*U-b oJLojiS' j^iaj £ C*j1j jl j«Jojo ( J£' 

* 

^iei .oLJUjJI Operands o^UU-e ^JiUy 4.;.aJ 1j 4jjL*J1 

.e j c * d yfc "i - ^> j h) 1 a * 1 a p dj^LeLee iE ^ uXil 1 (a) 

4_JjsJl olj^k— jjcJ 1 jJiLjtf + SJlJlmJlI 4_*I JjjJ 1 j 1— 'J I <T pj>c^dl ^j3 (b) 

,e j c*d 

u-^b 5^^-i jliUj J ol 0* 



* «■ 


/\ 
c J 

E = (a ~ b) /((c * d) + e). 

7-2 
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Terminology OUILaJI 

ol_3*)bJ1 * a |^JL i+Z-JS 4 t JLsIaJI olit)L*Ji i_ 6,/3'i ^xJl oUJ^aJi 

T i j-i Ia 5-lie- N o\ l ji>jij J1 • T 5I J-5p y> 

o- j-a ( 1.1 ji) t'-JJb I^J Jj J LLP .iS 2 |^U 4 J > 5 j 1 ■! L 

c5 a—S 2 o jl-oaJD j-w.S/ 1 (^->^1 jl) JiJJI S x JiaJUj .S 2 <S X 
O^t-x *j S 2 tS\ oi-9 iiUi l j—o JiS Ij .N 5Ji 4*11 ^jAji*i/l (^*5/1 jl) ^JaUI 
o. JLy»-j jJIj l$J <jJL>JI Ijlp Lo ioliiJI ^ oJUP 'O^" ^ 

.TV J predecessor (jl*J 1) t-iJLJl 


^I—aaJI U^l ancestor JL>JI fdescendant JJL, ul^UayaAllj 

1SI (/, i.a! _ ~J A/) A/ SJLJbJl t* _w L oJAaJI ol tfl S^LjcaJI 

j I Lj^ Aj. I ^ 4 .^1 L ■ L t ] Af ( jA J LiL> *i/l ^Lo" jl>-^ 

• N yo j I Aj ) Immj iu^>" i 1 ^ A jj£j Usj iV J L**aj 

I ^9 Lvhj 1 J-jLJ! pJLe-j OllaLjiAll 4jjJaj Jy# olgJiki4AJl 

j' (uLl»«D) J Ui T ^9 A/ 5 JuwJ I ( jA ^aJ I l*>d1 • T ^y b£j I 

, • t * 
ijJJI oJUUllj .path ijl— a ^jA_»i' iJbiAJI 4*»bsAj edge li 

.branch Uy j 49jj ^ j jL-aJ!j <leaf SSjj 

* ' * , 
level yy; . m a1I ^Jj ^-a ta_L_p ^ Ja«y T i_oLsJI s^>.-iJi ^ ©jlap J5* 

j *-/« p3j (_gj)V-.All 4 ] T 5 .'ill A? jJl>J 1 ! L ^lbU5' number 

• 1 A jJ Ij (j j" 1 «» a |*ij ^ iA^ 1 (^ j^" ■ m a 1 1 jv9j 1^1 \£j^ ^ ® Jap 

j ^jA L^j 1 J Li> y y . m a 1 1 l$l (_5 ^^ JaaJI <lLUS yo J& 

.generation 


l _j-9 1—* fcy* ty* J aa) 1 ( j a ^ JLP 1 y$S T 5\I (^Lti'jI j t) JjaP L# 1 
j)V 1 jj —a JL_»_j 1 ^ I J_>-I^j j?—£ I 0 3 ^. ^ JaJ 1 1JLA . T ejj>wd I 

.5 l* a*p 7-1 jsCi ^ rs^^sJl 
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eaiaij 44011 Xut&l jUiVl 

Complete and Extended Binary Trees 

^11 ^waj julJ I Iju® ^3 

Complete Binary Trees AJLiJl 

.jsH i ^ o^ii, I4J ol 0^. t jr 5^ ^ 

l$il Jtk T 0j>m^S\ .SJL 4 P 2 r 'ill 4J 7 * 0 r { JjZ+*aJ\ 01 IJl* 

^ ^Jp 1 l$3 <*ifI I I a ji Luj < I^j ^u a*>- cJ 15" I 4 a\j 

| |j, La Jlu I Si 1 I ^ ti d*J I ^a a > Cl j\r liij. j2ji 

I i 1 n ft 1 ^»la) Lj) 0 JutP n la j,yil b I 4 ) T„ o«JL>j 4tli ■» Jb^jj jll JL> j t jL*JI 

.7-3 JSbi ^9 j^taV SJLap 26 7->6 iabJI 0 1 ,(jJ«H ob^X»«A 



7-3 JS3 


iljLP*ifl_j l $ ».9y |+—j 7-3 ^ T26 iabJl ioliiJi 0 1 ^ JjuJl 

I Ji$ j .J—jjij- JL-iu *>- I ^31 jL-JI ( jjo 26 1 . <2 *1 I 

S j •>« .*> (_£ I ^j_9 AT c Jk at- ^ Sf JL_] 1^3 Ij J bib 'i/i Jb JL>*j' il■ ■■_■ LliSsAj p-j^*J! 
<A oJLinJJ ^aj *^3 JiWIj j~*i. jJbiaJl <j^4 4>\J ^Ipj ‘^ n 

SbJUi ,[A72] 5JULJI AT jlJIjj <2 * A + 1 <2 * A <v *rydl Ua 
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d n .[9/2]— 4 19 *18 U\_j'1 \ *a 9 SJLawlI iJ\oLl=>l 

<9 ")L<db ^Lxj oJLap J? 7„ 4jsbJ l 

d n = L ,0 fi2 « + 1J 

* * 

T„ 4-oUJI c-jLS' lij ^Jlp IJiaj 

.c/„ = 21 LfiU^> jji 5 JLap «= 1,000,000 

2^ji ja :oJc^J\ UUsJl 

Extended Binary Trees: 2-Trees 

4_Jbj jl 2 j—- l*jl T ijUill s js^Ai Jli 

( j-o L«Jj Lol TV SJLiP OilS" lit 5 JlXa-o 

^ oUtfi i*_J jLiiji ajuji .Jla ^ jut^i 
JUJ^I J-L* l«J ^1 jLiijlj SJU-b 1 Iloc- JUL^fl 
aJj^IjJI jlaaJI j*aj ( jl£p 

jxlI Jaia^a 

.<L-J ‘ifi 4 _JL*jJI { j—6 4 «lc- L_JLs<a>- SJluaaJI *LiLli]l UaH 

T Sy^iil .7-4(a) JSLi ^ Ji* 7 ULj o 

A 

(a) T <J\jJ 5 (b) 2-tree 2 gji ja sjc*o» ; y*Ji 

7-4 Jfii 
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oJl_Ip 4 J !>■ JS' ^ otj 2 ^ •j*-'* J 1 ^ 

.7.4(A) JSLi ^ US' 3 Jj Ja>- 


* . 

(tlUi ) 4_9 U<> 1 j .2 1 c j>*£ ^Ui eJb J>JI o I oi •isu»'^ 

oJL-XaaJI 5j-»wJI _9 iJLi-L IJuLp- u^l 0>uv91 4.J..^r*jl JjbJU 

.SJXa-JI o^9 <U>-jL>- IJlAP- C*.»yvf»I 5Ju_L>»JI JuiaJIj 


SjSljJ! yfl jUaVl Jyu*j 

Representing Binary Trees in Memory 

.o^riJJI ^ T J-ifcJ JliJI Ijjb ^jiSU .4 *SLj ijSpJh T JjSUJ 

<_jL£j T _I link representation 4 JU»jJl JJUJ lj a— y o^U*aJ1 

•L-Jlill 4 -fl.ijia) 1 Us I .5j_S'lJJI ^_9 4 J I pjljjili I 4 J C.li 4 ii^LaJI 

sequential _xdl J^U^ll Lf *~+? single array oJL»-lj ii^Ua* 

iJtSUji yb 5 J-i*j iS I ^ <-JUu U *T Ijp^S representation 

N SJ_ac- UJapj lijj .T Sj-^will R jJl->Jl 1 ^U-JI access 

.N (J LlU 1 ^11 s jJu\^a JUilSU] b jJ u^sj’ 01 i —*>»j 4j^9 T d 

AJLiJl J yP J-JuJi 

Linked Representation of Binary Trees 

S^UJI ^9 JaflWr ^_3 T (j^9 <UDi £Jb pJ 13) ,<LjUj 0 j>^> T l jS^J 

(LEFT <INFO 4_j_j1^xa oUojfe;* ii*^Ul‘ J y<j»y <>»? aL..,lj. 

N eJ l£p JT JT JJ .JUHT ROOT ^^ix* RIGHT 

K La Ui y ^JiLlj T 

.n ojlaIji jLiP oLLJi :info[a:] .1 

.N SJiiJJ ^.S/l Jikll £J0 Js- :LEFT[/q .2 

.N oJLSaJJ ^Sll JiUl gyt JU- :RIGHT[/n .3 
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.ToR jJjjJI ^1p >Sy***i- '—ROOT <<JJUi ^ip Sibjj 

^ Ip (J|j " m jJa I ■ a 11 jmJaJI j[i (^Jlp o(_£ t 0^15* lil 

l_9^—u ROOT Jl 4.J U>- 1 ^ ■ - a ‘‘ T 5I cJl^ lilj .ajj^L^JI aa^ulSI 

• 4jjiyal 1 4 a <aI I ^1p jJI jXso 


iJLsJl ^jjubsjl JgLajJi 

Sequential Representation of Binary Trees 


—9 T Jad^J aJ Ia9 Ajii'jb . Lolj d_Cu j I Lolj <Lj Lu o^j»d/ T ol 

.To ^yol^JI ^a.C o^IJJI 


END ^Jcu j+*§* TREE 5 Jo-lj idai- iLo Jaiii ^ •;...> < J.«.tA.‘Jt IJl* 

.TREEfl] Oj±~. Toy^JS R jj^Ji (a) 


J—-Sfl Le_iil» TREE [AT] UliJI igjk-JI /V U 3-L^ cJJLS. lil ( 6 ) 

.TREE[2 * AT + 1] J dy^i. I 4 JL&* TREE[2 * K] J <j>o 

. T 55 j *>- o JubJ 1 ^1p (_£ £>%>' END (c) 

^jJp TREE[/C] ^ /V 3Jl_4a 31 .dUi ^Jl iiUOJL 

2*K + 1 j\ 2 * K JySS Usj <JU- Juu** jl LjLo JLij*. 
ur-^ iSy—^i TREE[2 * K+ 1] /\ TREE[2 * K\ 0>S3 j! END 

.NULL iywJI i^SJI 


Traversing Binary Trees ^ uUjlII jUuutfl jUI^I 

o-La .R Lr icJbiJl iJaAJ C*^ 

"^^1 .preorder "^LJI { y>~2 dj^l oLoijjl^iJI 

* L 5 JUIS' postorder .inorder 
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Preorder: (1) Process the root R. 

(2) Traverse the left subtree of R in preorder. 

(3) Traverse the right subtree of R in preorder. 

Inorder: (1) Traverse the left subtree of R in inorder. 

(2) Process the root R. 

(3) Traverse the right subtree of R in inorder. 

Postorder: (1) Traverse the left subtree of R in postorder. 

(2) Traverse the right subtree of R in postorder. 

(3) Process the root R. 

./? j^»JI (1) 

Jj;' --H R j..i ->».U (_$j—J I I 0 j*m .»11 (2) 

♦ preorder 

Jjl—JI >wJsJi 9 R 8^All (3) 

.preorder 

l5“® R j-*- * * M kS j yz>*\ (1) 

.inorder 

.R ji»JI Ip (2) 

V‘ O 2 "^^ C5 - ® ^ J-t ji>-l (3) 

. inorder 

v-JJaJI ^ R ji^JJ ji*-l (1) : c-Jjsll 

. postorder 

R jJuJJ LJ _uJ1 ^1(2) 

.postorder 
.R (3) 

Olj olj L>J' ai ^_Jip {Sj }-■»**"? 01 

I Dj ->t.' ll 1 ( J_*s R jJL>JJ I 

./? 4_>dUt4 C.-«9 ^j ^9 lad9 O^Lsll oLwojjl^iJi i_9 

j .9 R jJlmJI Iaj "pre" <9 jJ 1 ap?j 
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u-ai & j- 1 -^ 2!^ "* n " <yj 

jL** 2.SM jLz»-l -Uj /? jj>Jl "post" Jp-^ i-pjjlj*- 

.ij_pji 

node-left-right (NLR) jL*x>4 iL»Lp-i ^-*3 dj ^_sJl oL^jjlj»JI 

^_U left-right-node (LRN) left-node-right (LNR) j\ —*x»-lj 

.(-wJ 

Binary Search Trees 

^4fj <k_ 1 mUJI |JIp obLJI J^Ljk |*jkl ^0 Ijl^Ij jllJI Ijla 
j 1 '***" il>iJ Jj jjP 1 A ■ -11 j4 Im^AJ J£.^l I (jlA «A . JLm) 1 i1a9ia)I 0 
number of oULJl Sjii ,5 Jlp n <J^>- j{ri) = 0(log2/7) 4LL*yxo 
IjLjh j ^pLp ii iiUdj jl cjl>- CajJ L:,<a> .data items 

:XJbJl JTL^JI jp ^iixio JSL*M 

j* JSL^JI Up ^ : sorted linear array jjill io^lixo (a) 

4iU»j jl X«) = 0 (log 2 «) flyri <_,» j-^p .1*^ 

£jj» 0(w) •'**“" jinjaJI jji L$j Si aaJlSL (j t^i j+fiXiS' 5j 1 

.^u*n 

a_» l 5_ald»| jl cJa_>- ( j-£aj> Lx* rlinked list 4 _Jj*?jaJI LaJLJI (b) 

, # 

1 * »*W A .I jl 4 jVi!ill ^L>mJ Jj jj# 1 ^a9«JI 

,_/^w) = 0(/j) JLojjJ <dA>aJi ^1 JL>kX^«I 

fL j iXmj yip ^ jX>o JLS 4^5\it! 1 ^ 1 >t J1 Dj>» *> oJLap <1)1 JjA j)L 

»j 4 dlv>. J 4 4 a- 3 ^lawa <JL>«j# ^JlP JbQu 5. «1I ^Jujju O^i <0 VjLJLJ 
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d*>l—S' I^J 4_o Li? d« 9j.4w> T .4jlj 3 T iUIJjM 

:*JbJI l*J r j w sjiip 

0-° ^ -J l?j— 3^^-iJI J Sx-ii JS' j-S'i N **-5 

.TV J ^yiA-JI <L5j»J I 5J> i*J> JS" 

O 1 »,Jt AJU L<JI UJ 1 O 1 jAHl )I 1 Jua)^ 

.T j+a\ss- j* ejylo i*jl5 TJ inorder "^T 

JlSjJI ^J& £-^A~>- jl ijOJZA>_ do«JI 0^.>f di JjjL-J I V_ij jjcJ 1 14 U^*si n 

|t *fl 11 (_jj\ <—7) ^Tft m l 4 —aJ LmJ I 1 * ■ ^ ■ 1 I "j *|* -*■*■' 4 jLmLS Vi. Jlt'jHJ . 4x11^4 

liJLJl l$J v-ajjjcJI 1 Jl* J SJLoP Ol 

.N J ( j^J\ Ajiy>J\- 0jS ^J\ J M SJl2p J& N>M (a) 
.N J J A/5JL2p J53 N<M (b) 

0 

\$ .iisLu i_9J—1 ^xJ \ oLUa)I JjJju ^jJL <v_aj^>cJI IJjb ^ljv>«X^I JUP 

.v^LJI JSLiiL 

ajbiJl il^Jl i^ 43U>?1 j (a) 

Searching and Inserting in a Binary Search Tree 

.TiJUil! d^-JI oj^uZ. J 49Li,)Mj 4-^jjlj^ JL U-i 
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Algorithm 7.1 A binary search tree T and an ITEM of informa¬ 
tion is given. The algorithm finds the location of 
ITEM in T y or inserts ITEM as a new node in the 
tree. 

Step 1. Compare ITEM with the root N of the tree. 

(a) If ITEM < N, proceed to the left child of N. 

( b ) If ITEM > Ny proceed to the right child of N. 

Step 2. Repeat Step 1 until one of the following occurs: 

(a) We meet a node N such that ITEM = N. In this 
case the search is successful. 

(£>) We meet an empty subtree, which indicates the 
search is unsuccessful. Insert ITEM in place of 
the empty subtree. 

Step 3. Exit. 

.ITEM o\__aj^JIico jjj T -cJUiil l i IoLJmaJI 7.1 
J I T 5 J ^J-S ITEM j*. J 4__w0jl^9«ll i_3 Jjh 

.T 0js^3\ SJbJj*' oJLiITEM 4dL^| 

N jJbyJI £> ITEM OjU :i SjkxJf 

.N J JiLU N> ITEM otf \s\ (a) 

.N J JikU N< ITEM OtS' lij 0 b ) 

Jl>- I J ^ j £ 12 

ilUJl ei* ^ .AT* ITEM N eJj£ (a) 

. Li i 
• ♦ 

ji ^ I j 1.1*3 iP) 

iJUJl j* ITEM Jio1 .J^li 

-3 
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U-i :Deleting in a Binary Search Tree AjUill dyO ^ (b) 

*T Lil I I tjj_ ITEM La JSj i_3Jl>kJ 

.T ^ ITEM 71 


Algorithm 7.2 A binary search tree T and an ITEM of informa¬ 
tion is given. P(N) denotes the parent of a node N y 
and S(N) denotes the inorder successor of N. The 
algorithm deletes ITEM from T. 

Step 1. Use Algorithm 7.1 to find the location of the node N 
which contains ITEM and keep track of the location 
of the parent node P(N). (If ITEM is not in T, then 
STOP and Exit.) 

Step 2. Determine the number of children of N. There are 
three cases: 

(a) N has no children. N is deleted from T by sim¬ 
ply replacing the location of N in the parent node 
P(N) by the NULL pointer. 

( b ) N has exactly one child M. N is deleted from T 
by replacing the location of N in the parent node 
P(N) by the location of M. (This replaces N by 
M.) 

(c) N has two children. 

(i) Find the inorder successor S(N) of N. 
(Then S (N) has no left child.) 

(ii) Delete S(N) from T using (a) or ( b ). 

(iii) Replace N by S (N) in T. 

Step 3 . Exit. 
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o' o jJjccJI jj—A J oj T 4 _aSLj O ...•>».» 'i j-ayit loLJa*AJI 7.2 

^1 j—*y S(JV) J A r eJiJI jJlj J\ y> ji P(N) .ITEM 
ITEM J> N <J&- 

.T j* 

N oJlJLkJI j*-3y> 7.1 Jti>7 wtl 11 JyJz?xJf 

P(N) 5JL-ap ^—9^0 ITEM Ip 

t_«j» i_JJUJti ^ *yrj* j*P ITEM 015* kil) 

lo^U- .// JUi.1 ^Jlp ^ 12 OjksxJi 

j - A ^ I T ^ N Ji^i' .JLil>i 4_1 ^ (a) 

./’(AO jJljll 5 Jl5p ^ Af ^ ^JL, NULL tfjL *II 

M £»yo ^ .A/ Ja5i JjLU 4 J A/" (b) 

.(W J>** J>«y M) .PCAO jJIjJI SJUP £>y> ij N JM *iU 

43 N (c) 

"^k wJjsll" J ^bll N J S(N) oUJl Jbrjl (/) 

* j ~*>.k *3 {J ^ S(A0 •ij-iif' 

.(b) ji (a) T ^ S(N) oJ^I (//) 

.T JN ^ Ha, S(N) ^ (Hi) 

•frJj*- t3 ijJt&tJi 


^L*J1 IjLJUi- y-Z\ 2(c) SjLiJI J (iii) 23UJI ji lAk^-^U 
1 -It Lj*31 N J S(N) >_ax»Jk jL»«j I ( j^Aj 

|Ijl ...« jJ j->*Z 9 ^L-dl ^_ JLp yV _1 ,jAj). *^fl t Jj>Ial3 Ij-y&j ilA/ oJLi*Jl 

S(N) i. i UJk ^y/fc A/ oJuLaJk 1 jLiU 1^1 jj-u*! M oJuuJl (ij 
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JSLi ^ US' s ^ iJbj 5 T jl ^j\ 7.1 aJjJUl* aJI-w* 

. T J i U Ea-j^v |V^ujl .7-5 

Solved Problem 7.1 Suppose T is the binary tree stored in memory as in 
Figure 7-5. Draw the diagram of T. 


INFO 

LEFT 

RIGHT 

ROOT 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

20 

30 

40 

SO 

60 

70 

80 

90 



35 

45 

55 

95 

0 

1 

0 

0 

2 

0 

0 

7 



0 

3 

11 

0 

0 

13 

0 

0 

6 

8 

0 

14 



12 

4 

0 

0 


7-5 JS& 


. ROOT = 5 01 Ja^- .ROOT I U..9 yo <u 1 p J^a>o j_l>J I (a) 

R jJb>JI INFO[5] = 60 IS) 

Ja>> ^L_3 . R _) <JU«j { jjt 4jJLp ( J^<a>o /? J jmjSII ^Jalal I (^) 

. R J JiUI y> INFO[2] = 30 JI2JL3 .LEFT[5] = 2 

O 1 1 • R —3 ij ■ 4) VI jJL^aJ i J U*A <JLp i /? J jAjSfl JiiaJl (c) 

./? J JiJsJi JA INFO[6] = 70 JULj .R1GHT[5] = 6 

.7-6(a) J_SLi ^ US' p—j 0^1 U£aj 

T 4_,j>1LJ 1 0 ^ ^ Jic- II 0 5 jJlc- ^jb aJlUJ i <LJUaJI 

.7-6(6) JSLi ^ 
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60 


70 


(a) 



(A) 

7-6 jSii 
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&&I Jtaoil 

Boolean Algebra 

IJlA J& 

ViUVl h^pUhUI ✓ 
(jjt£Uf) UUil! ✓ 
Vuvi uL^aiti ✓ 
3 u 2 boit jjljJJIj ubl$jJf l/ 

Basic Definitions ^LuuLuV) ubjlaDf 

4 i It j + j L*J lii’ <jl • •, I a c. L^jJLp < 9yuj 4-J l>- 4U i? (J | ^ 

Otj-^ale- / _j 1^3 (jb-lj j.^s- Jaju (^1) 4oU-I 

<4-3 U i ol a I...»31 cJitob' li j LjLJ^j I B .-V Ju_llp .1^0 L*jh 

.5 ^ 4*1 C <6 <<? 

Xommutative laws JjJuJl jjlji [BJ 

a+6=£+a a*b=b*a 

I Distributive laws ^jxll j-jljS [B 2 ] 
a + (b * c) = (a + b) * (a + c) a * (b + c) = (a * b) + (a * c) 
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a + 0 = a 


: Identity laws jjjlkdl j-jljS [B 3 ] 
a * 1 = a 

: Complement laws ^1 j5 [B 4 ] 

a + a' = 1 a * a = 0 

La.Up <B, +, *, 0, 1> ^U^Jl yj uL^-SlI ^aaj y 

1 (jlj (_g^i yjl 1 j+t aJjJl ^A 0 <jj .47. J I 4.Slj^l j^JLp JLkS'liM Jjy 

J 

./i»W11 1 ■ ‘ * J a j 11 Ufl.,1 l_9^*u SjlpJ . (3 |» A.V.tf ^A fl 1 <oJL^^ 3I jyflit 1 

. * * ' 

a * (b + c) = (a * b) + (a * c) 

ik-^1 5jjya.n ^jL>cV. M *t 
a(Z? + c)-ab + ac 

t\L U js' . 1 ^9 4 aj LJ I 1 ^AJ 

a + (6 * c) = (a + 6) * (a + c) 

cr" 

a + bc = (a + b)(a + c), 

*j+> J1 4*jLi AAjUaXa (JiAJ l*.J? j^AJ 

• j^^Ip jvAJifcJlj £jaj«aJI J f <* <+ OLJajJI 

(jj_SL> .4 __JujJI ijj-iljil Jl>- jj lij 4j 1 ^Jlp o^Ip ja Ia 5" Jjjujj 

.+ 5_JlajJ1 lj JLp l$3 <jjSo * aJUjJI ob * l5 1p 4.5 ;M >*jl l$3 

(a + 6) * c { j^J j a + (Z> * c) <3 + b * c 

(a * by jj-Jj a * ( b’) L y>u a* b' 
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Subalgebras; Isomorphic Boolean Algebras 

(JtT j^r i j* c o\ .B yiUjj j^>r iJU- ^ <£y>r *** C 
L# _J1 i—-Jb) j*-*r I 4 —iJ C OiLT !S| 5 j_a subalgebra 

JxSaj <lil 5 Lijsj- IOj^j C ul .(5 ^^Ap- oLLnll 

.' «* <+ ^yAj <B J 0 LL..II C»J C oils' (i^l 

lij isomorphic LoU-l O^lS'l_5' *B ol 

O ■>•>« 1 40^1—iJI oL_JLaji)1 JaAP^if'. B —> B' JL>-Ij jiillj' 

oli I jiTiTr 

f(a + b) = f(a) + f(b) 
f(a*b) = f(a)*f(b) 

/M= /(«)' 

.rf^ ^ b * a C/-S*** 

Duality (JjUilll) 2 -uliill 

J— vA> V. lS-^ 1 J-* ^ ^5* ji/J cS^ tj^bSAJI 

jJ 1 1 J 0 J ■ ■ 1 1 4* J + ol » I a W . 1 I A^lp 

JjUaJI ^iJl i3*ly ‘ 

(1+a) * (fc + 0) = fc y> (0*g) + (&* 1) = Z> 

oIaJLmaJI ip-jl ^inAj 45 ^jLJ^jJI j+ 3 > J1 oUJLcfl 

4^1l_ilbj .4_JL^Vl 4 ^ja>iaJI 1^ .««) yjk 5 c*Ul O’jamJ <LUaJI 

4 JbJb«sll <i *-3 ^Ip-j .5 ^1^31 40Ljl^J I Ijuo 

Principle of Duality SJUiJl 8.1 bjiiaj 

Li>I jm ^U^Jl j^\ ^ <ijh: JjUJI 
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-^1 ji.j& L$i 0 \£ ii) {£j^\ ojLajJ 

J'.yti i_$ I ^JjLiu tiJJij <cAa JLmaJ 1 s-i^J <>yyLl dAJj 5 * O^So, jJjlicJ I jjji'A I 
.^L,^ "i/l tji-A^ ^ Djia^- (_j^ ^i-i* piJ ■>«£«* L> 4 jLj i ( j^AJ 

Basic Theorems 2 u«lM uUjiijJi 

<tJ\jJi oL^laili oLj'I [B4] ^3 i [B]] ^y> oIa I.^aU piJ l>»^kL> 

.B ^Ji ^\ ^ i I c <b ,a 8.2 4jJ oi 

lldempotent laws ,j*;ijs (i) 

a + a = a a* a = a 

boundedness laws 40 jJL>«aJ 1 ,jjij9 (ii) 
a+ 1=1 fl*0=0 

:Absorption laws ^IjS (iii) 

a + (a * b) = a a * (a + b)-a 

lAssociative laws ^ojJi ^ijS (iv) 
(a + b) + c = a + (b + c) (a * b) * c = a * (b * c) 

J_T JLp ,jj^y V cJlj U ^U^Ji iiiLJ! oUJL~Ji 8.2 i> 

iji.LoT oi^JbJl .ollill ^ys\j£- 

B o\Jj> j^r ^ a <sH 8.3 AjJai 

lUniqueness of Complement p A^JI (i) 

x - a' j)i a*x = 0 j a + x= l c-jtT Iii 

:Involution Law iJUJ^I j^iU (ii) 

(ay = a 

0' = 1; l'=0 (iii) 
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Morgan’s laws (01 ^-jj* 8.4 

(a + b)'-a'*b ' (a * 6)' = a' + b' 

Logic Gates and Circuits 3 jffiiUI jJljJdlj ubl^iil 

{ jjsk*> i y* ^JCi‘ La ^jA (<uaL^aJI Ciul AaaLiaJI jjljjJl 

j .JajJl ^*■ ■ 4_JjlaJLa J £" .4...SJala oLjI^jj ^a—j I ijljjJI 

jjjB Jai3 Jj>-Ijj ij* I , 9 1 Jp L 4 J IS* } 

I 4 J JL-& 5jL-i} J— j*. L J Jbol jlffr *<r I^V' 

<bit (binary digit) (jb? ^j) 

0 or 1 

Jl O-J 4 jI$J1 ^ 0 k>.vl bits oUJi 4_£9 L ^ bo .L SyljJI J I 

jig-*- J-S3 /7-bit o_> n y» 4*jbxo JLaj <IJia Jpj .output bit 

Cj 4 pJb-o T) Ixj bj aJLs-IjJI ^hjIxXaJI 4j*JIjuo J^- Jaju L J .(Jl^oj 
i_3 jju ^jP*a Jl /7-bit Cj n { ya <Uubxbo JlP J Jva'acJ (o jaJI J 

.^xaUjLaJ 1 jjljjJI ijJJ j ( p-j 4.4„flJa.'..A.lt obl^JI 

Logic Gates \\ obijJl 

* . 
j-jij (»3j .^Ju L-a-j ^ ^j—ii 4. -I...l a a oljlj; dj2 Hjla 

jl—J! 4__^>- ( ^o 4 __jIjjJI jj j Jl ijL^-ljJI J»Jx»«JI ol ^!iUav»'ill 

.£_j>«aJI Ja>- jJfc ^a-.J I JlP .sJjLaJI Ja»«j I j (Jlio'j/l Ja jlaC 

B 3 A jJU-jIj "jl" 4_;l^ J^h 8-1 (a) JSLi lORGate «jt» (a) 
val I 44 j jAJ |*j £AJ»J1 kiw>- Y — A + B 

A = 0 j^b-uJI jj& Ujjlp Jaii r= 0 ^>^JI dUJbj .8-1(6) 

( j — 3 - > - -L° I ^4—I 03 ^. OI jjJI ^1^^ I 9 • B — 0 j 

Z) tC tB tA 4 Jj jl 4 _j 1 ^j 8-1(c) .^jCIjI 
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«1SI JaiiSj I Y — 0 Jl . K — y4 + B + C + Z) ^ 

. 1 jjLmS> O^i-JuJl 

^ 8-1 (c) J_$Li "jt" ;U^U 4-JU-xJI oL*LJl ui Sbu 

IiJUI 8-bit obJI oIjIaj' oIwImaJI 

A = 10000101, fl= 10100001, C = 00100100, D = 10010101 

^JLxj IJlaj IjLL^I O JlaJ 1 Oj^j' LoJULfr 0 Uulj ^law.Y j! 4 j1 1 

l/-* <—jjSj Lr *«UJlj ^bJI (jS'U'il ^ 

.Y= 10110101 



(C) 

8-1 JS£ 


AND j 4 __)I^j 8-2(0) I AND Gate «j» 4 jI^j (A) 

(Y=AB iLL-j ji) Y-A>B r>**5 B j A 

Ja_a9 y= 1 .8-2(Z>) ^9 ^ 
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"j" i-jljJI o Jl_* .Y = 0 o}-» dAJS jJ* .5 = 1 jA= 1 oils' IS l 
8-2(c) J—.,>*^1 ^aU-J- 0 l$J Oi j£*f. 

i_*J> .Y = A ■ B • C • D £j*L Jlj D <C<B <A o.}U-0> <*ojl l^J "j" 

. 1 (_£jLnjr o jlaJI ^3 ^t.> - oils' < IS j JxAdj < IS l K = 1 ^ 

8-2(c) ( J_^ 1 i ^_9 j Oi^Li-JuJI OiLiLj ol 

!<LJUl oLxJI oLoL^j ^ju ii^SJoJl oLajLxiaJI 

4=11100111, 5 = 01111011, C = 01110011, £>=11101110 

.1 4j_J 1 — a bits 0*1_ Xj ^aj>~ O3S0 \ja JLLP la-is 1 ^ j iljjl 

4—»jbci« ^LJIj oJliJlj ^jlill v jS'Lo , }/l ^ -l»Si 1 Jl*j 

.r= 01100010 ^ c >1ji 



(6) 



y = A*S*CM> 


8-2 JS& 
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"o~J" l*1j, 8-3(o) J-£l INOT Gate < <a ~J» iy\y (c) 

(j-LSOu'iflj Y=A' j A ( J_>-JLo 1$—) inverter LaS'L Caj I ij 
4_a- 5 .8-3(6) JSLi (') j*J\* ^ jay. 

A' = 0 <,4 = 0 Ujllp A'= 1 ot tft ./4 J^JuJI ^u-5 ^ Y=A' 

Ja 43 Jl_j»-1j J_i--Lo la 43 1^1 AjI^j jl ^Jlc- La jSjjj .A — 1 LoJUP 

jl L*J jjSo jl "j” j"jf" oUji U^o 



(a) NOT gate l _ f -J ajL* (6) 

8-3 JZL 

aJLJI Lj^LJI oIajLzaJI ^JLp JajJI L$1a t_j^JJaa ,f ( j M j" AjIjJI jl ^io ^cjaJ 
yt, = 110001, A 2 = 10001 111, A 3 = 101100111000 


«ij^J *0 J\ 1 1 J\ 0 jr ^ *1* 

<4,'=001110, A 2 '=01110000, A 3 '= 010011000111 


♦ojJsiIjiaJI aj^LJI oL*-^a-«aJI ^a 

Logic Circuits AJikuJl ylj-Ul 

< jl oLI^JI ^a iJj'ifl aiL^|JSLa ^a L AaaLjwaSI ojjIjJI 
1$j}L--Lo A_iala <a o^iljJ Jlia jA 8-4 ^J^Li . 1 $jL jAJ Jj*—< ^^l ‘"j" 

tJLs*O^M Ja •a- 4 .9 (jl^A I j< ■’•>v (•) a La;] I .y j C iB iA 

l^_l | j l — J I ij—A JajJ I—J • ® ! - •> »i'I * j * S ' I —9 0*11 CL >IjLull j ujt' Ci i/Hj 

{j-b £ j aull 4—A *5 C tB tA 0}L-JLaJI a1*J_Ij Y t jP j+ro JI 

j ->taI I La I , (A • Z?) r ^ law a) till 3 JLkj A*Aj IJLA^ /l • B jA J 
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. (A' + C )' lii ) i Jju ^Lo ./f ’ + C a.>.LlJ i j ( i> I1 

(/!' + C)' j (/I • 5)' olS t j*A..JI ^a ^Jl jl 4*1j-3t ^-T*'- 0 l 

<-_jjJlLaJ1 !■«■« 

K = (A-fl)'+(A' + C)' 


) — [> - 

8-4 


Logic Circuits as a Boolean Algebra ^iUjj <Liikuii yij Jjl 


&\J*a " Lr _J" ,"j" / jl" oUj*JJ qI^JI jl 

p ,J.k»)Q p /\q i(q ji Jvai3l) p v <y jjjlid) *. < ■ -Vl 

T ^ Vj_* 0 j 1 ^a Ua JjU 31 .0 ^ -n/? j <(<7 j 



JLailu ^Ufcll iJiklAJI j^i li$Jj -F j 

5 jya ^ oAa ^i*3 . 1j-a- ^ 

. LjUjj IjjJ*- 0^^* A-JiiaJuaJi ^iljjJI 8.5 Ajjlfti 


<qI.aa.Va 3I Jiuo ioLJ^JI qI>^>JI ^9 Aj.I-wT.^aU o\.->«Ua.<aA)l (jls IJlA ^JLpj 

fi .^>1 1 J_ ^t\yr~ ^J_AJ>tO J> v? I < ( _^L*'}!I (OLkS^idi 

.(QLLjLaJI jJ lj jJ ! ^5 ll*aj 1 l^jfll JJxQi! ^jS^Aj l_J j^yoJ I l J^ljpJ p IvJ I £-jaj»*aJ I 

AND-OR Circuits «j5 - j» 5 

^yA-Q‘ (_yi <-Jj**o l ^a\y>- £^a4>»aJ e^JiLAJI L 4. ala: a 11 OjjljJi 

lQ-kj>- Qi JaJ t ^ JjJmJl l$J Z, SjiljJI oJla . j|-j * 
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• J i»iJX j jl .1 

."jl" S-i-s-j LIjj "j" oUj* JX oU-_p^ .2 
.Z, o^IjJI j* ^yh* *3 

NAND and NOR gates «jf ( ^» J «J ( ^» 

^_xl 1 i. -Vl oLXjj ijLiilSo' ) jbjl^j jl>-^j 

♦ ^4*^" 


V 4-^ji «8-5(a) JX<i ^ 5j^a« NAND "j 5*1^* (a) 

•"o^" U^Lj 

/r ^\ji ijKs .8-5(6) JXi J NOR "jl L ^" iljj (6) 


If f II 


^ 4?w>j 4 (5 j >4 ^JU-JLo ^(jl>>I^.L) ^i'lj v-jlj-^aJI Jjljj^ 

U^-lo J_XJ Oj-Xj ji j_£*j "jl "j ob^l^Jl .8-5(c) JX-i 

jl j j J—i« L»Uj o>U-juJI ^ ^XI jl (j^jl 

<lil J*2ij <IM \jL& OjXj "3 Lf ai '" a*I^JI gy*** O^a <Jl)i ,_,)) aSL^Ijj 
« lil 1 (jjl —j jl ' 4_>ljJl <1 ^jLj o ^U-AaJ i JX c-JlX 

. I ji*s> J O^JUJI JX OilX <iil Jaite^ 



(a) NAND "j jyii" (/>) NOR "ji Lf ii" 3^ 


A 

B 

NAND 

NOR 

I 

I 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 


(c) 

8-5 JS£ 
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6-^-3 4-4^ 6-* "j J "j” <^1* 6* OjUll 61 

% ^IjJI ^ J-iT 61 <*- ^ "jl j V 

0 JA w^all 5j_j|jJI oJjb JJLs ( j^»j).,a , .H .o^ta La^Uj jl ^ij j 

< j—^> jJIjJl) ^LuJI j^L-J^J l jt.wvl 1 ^Laj ,i>lj6l | ojLi^J 

y> 8-6 JSLi ^ j, y S k * l l 


(a) Y=(A'B)', (b ) Y=(A’ + B' +CY 



(a) 


(b) 


8-6 J& 


.(210 :>Jl*JI iis) D210 J^\ j~Sr\ 8.1 4 } jJL 9%A aJLmwS 

. A Jala>K a I j I I Jla Llp- AaJ Ls 31 (i?) 

.(iJj’iM oljjJl <4 Alii I (6) 

. <63 Lw ^1 p (3^ **sfj?*^ o* 6^' (c) 

Solved Problem 8.1 Consider the Boolean algebra D 210 (the set of divi¬ 
sors of 210). 

(a) List its elements and draw its diagram. 

(b) Find the set A of atoms. 

(c) Find two subalgeb- with eight elements. 

<35 <30 <21 <15 <14 <10 <7 <6 <5 <3 <2 <1 ^_jb 210 .i-uH p—IjS (a) 
.8-7 JSLi ^ D 210 Jak^. .210 <105 <70 <42 

.aJj^I y> 210 ^.uil f-lyJl ajm ^ ,4 = {2, 3, 5,7} ( b ) 
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tB= {1, 2, 3, 6, 35, 70, 105, 210} obidt (c) 
.D 210 J y> OlijSy. C= {I, 5, 6, 7, 30, 35,42,210} 

210 



C <5 tA F £jU*A\ j* jS* 8.2 aJLm* 

.8-8 JSbi ^ iJikuJl S^IjJI o^U-JU 

Solved Problem 8.2 Express the output Y as a Boolean expression in the 
inputs A, B , C for the logic circuit in Figure 8-8. 
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.AB'C' 'V ilj; A'BC y> "j" Jjl £j>** • 

0^3 .AB' ja "j" ajIjj >-T 

Y = A'BC + AB'C' + AB' 

Y ^j>*jA\ 4aJj ^ 8-3 iJjJ^wo 2 JL-*a 

.8-9 JSLi iJkuJI syljJJ B j A 


Solved Problem 83 Express the output Y as a Boolean expression in the 
inputs A and B for the logic circuit in Figure 8 - 9 . 



4 a . 9 iJljJj .^aJuaJI 4,.,tf Ja.I.A.11 Oj Jiyal 1 o^jljJI \jjb 

JUly .(/!'£)' -(^ + By ,AB' J_* jUJl ^^iJI oLljJl 

Y=AB' + 04 + B)‘ + (A'B)' 
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uV^I ,uUlUI 

Languages, Grammars, Machines 

IdUb ^ 

oj^JI 4 a£ <uUi£}l ^4 jJajV| ✓ 

uliUI ✓ 

oaIjaM 

1^11 iiuii uvr ✓ 


OJ^II DjAjif 4jJu iUUl^ll *4 jJp uVl 

Alphabet, Words, Free Semigroup 

'l 4 _juJ1 LJ ip w (string jl word) i*iS 3 l .j^JI ^ 4-Jl*- j*i- A is* 

* 

oU*jtx^JI ^LlaJ ./t j-^sLp- i(obx« 

m = ababb 3 v = accbaaa 

i-iiU* jlip .A = {a, b, c } iu)l ^ jUo.K Uj& 

/4 ^j A— j 1—a oiL_P iA ^Jlc- oLJl^l 

.letters I—, M y^ .alphabet 
* 

,aa jo *^Jb c? Li UJUa*** ^-,^■••4-; ,CijJ 
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.v = cxP'bc? j u — abab 2 ^ooLLJI ( j.j.a.1S31 6^9 • I mm# ja *ijj a* 

IXaJ jlj_ij) £ j I (X ya jJLj l$J i j* 4-JUJI 4 juLoaJI 

4_aJ£JI A ^^JLp iJU *\ 1 jl (epsilon ^JL-u) <lambda 

.A* yJ\j L$J yoji' A ^* oUi531 g*>>- .empty word 4 JUJI 

4*jLz£« ^ ^>U»J1 ^Jip ja ,l(u) jl |m| t-*aSoj tu aaAS31 length 
.X(v) = 7 j /(m) = 5 ol ^iiLJI v j <m 

. 4 JUJI 4*i£ji a /(A) = o C~i 

*u jj_* 4—^j) Oj-5^' A i Jl>wSM ciUi j*i- jS'Jb. jJ lij ’.&j*Ju* 
.c tb <a ^a A (A ^ f- oUJS3 w <v 

Concatenation iw-iUsJl 

i/v v j u concatenation .A ^^JLp v <u 

* 

}ljUi .V !'■• M 4 _>Lx£j 1$ ^jp J-ya-Wi 4—*iS3l jA 

{j}^ d-* 3 ^ v ,u 

2 2 3 

mv — ababbaccbaaa = a6a6 ac ba 

U n+X — mm" 4__«l*Jl ilLsdl^j MMM = M 3 tUU~l? <_9 jAj ^ La^J 

.i aK” m 

jUdblla^o m(vw) j (mv)w ^y-^A.1531 ol W fV ,U oltis' ^V»ljll ,y> 
JL_*J IJL^-Ij 4 _j^$Lo W iV <M oLaJ53I {j—° 0Lj^£*i‘ 4 !?! ■«*;) La fri 

• M 4aAS31 j*Jl> *£ M 4aAS* JL*j jl ( J^9 4 JL 3 JI 4aJL^J 1 4sUrfP I < Oxj 1 

■j'rr-SJ 

.4_*^lo1 4-JLo-P /4 4_jJL>*j\M ^S- CjIaJlSLU v_JSbcJi iJLc^ *9.1 

♦ 4. J.a.»J 1 0 JlA ^9 JbU^JI J y-»- * 1 1 X aJL>*JI 4aJLS31 
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Subwords; Initial Segments 5*UJl OUJ^l 

w = OjOj+i....ak 4jub^> fj I .A 2j JL^oS/l ^jJLp u = fl]f? 2 .... a„ i*i5' (j I j~j6 
< L a y*X 1 4^.1531 a>«JI 4^-^ * w 4 <a1SsJL) subword 4^J5' CjA—j‘ 

initial S*Ijl-J 1 i*Ias w Jj^JI I-Lj w = .... a * 

w j «m = V 1WV2 61^ 13} u y> *-£y>r XJ& w pjL*jj .w ^ segment 

oH U J-a 4_Oj»- oUAS' M ,2^ Ol .U = WV jlS* 131 M o#-l-b 

.14 = Xu 

ly* m *>® <uSj»«JI oL-lS3l .« = abca idS3l 

abca tbca *abc *ca tbc tab ,c <b <a tX YhSyh 1 oU£31 .1 

* 

.abca t abc tab >a f X ISpIjlJI ^JaS .2 
J_2aj *i ac 4__aJKJ1 .14 ^ ^ISLo ^ J^ai W=a I 4aJS 3I Ol Jis-'i 

• « J! J* 6* u O* *+& 

5Aj-ib-Vl 3*5j*Jl <u£> 

Free Semigroup; Free Monoid 

4_JLap £_-« A ^Lp iJliJl jti* oL*J531 ^ 4iaJ y»Ji F 01 y>yj 

Oj-J>£\ 4 ^,A tmi F .^L-Oy-Lol 4 i.l,A«ll P J ft <\jL>Lb* 1 liar— V LAS' ,l_^l>cdl 

, * * 

F o 1 oL*j I JI yo .A <*L...lji sjA^aJ 1 0 1 51 4^ui ^ 1 A ^Lp 5I 

4>JLi jLj‘ o ... J F t_3 L^— i 1 1 ^JLpj .jL-JI j-pJI (j-# i_3Jl»J1 

4 <im! F,if jj^J l_j j bO j .iij . wL>-1^ j./*>« p ^jS" 1 ^jJLp /l Lo 

,/t 4iil I jjA**-* <Aj_P l»JULP v4 ^Ip 5^^*11 51 

.X i-JUJl 4 ^a1S3I ^1 A y* oUKJl hi A* = M j^l 

4— oL»- *i/l 5 y* -“■> A/ oji 4 ^ L o. h J oJl>-^J1 j*n*P> yt> X 61 Lajj 

L> free monoid 5 ^>61 
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uttUt 


Languages 

A* 01 .A ^ oLAS3l y> 'i*yM ^ ^^Ip* L language iiUI 

.A* ja 'lA}>- ii* L d\* li$jj .A J * oLJ531 JS' i& ^J \ yJi 

Operations on Languages OUiJl ^ OULp 

"concatenation" lJj _*i .A i-bjoS/l ^^JLp jh*J M j L jI ^y* 

43jJCO 4 jiJ 4iL <LM _j 4 J J-°ji *M J Z, 

LM = {uv:« e L,ve M } 

Z, 4_aAS' 1 ,^* 3 1- ,*.v tr l o L$J53 l y j- Aii )_/*_/*” LM o I (_£ 1 

4_£>-\-Ol oLaIM s _^L«j' «uJA3 Ol £W»ljJ1 .A/ 4 aJ5” 

.<*>-Lol IAa* oU1S3I 

M ■ »• 

tiyo L "powers of language" iiiJl 
L° = (A}, L X =L, L 2 = L.L, L m+l = L m L for m > 1 

J , )L_pI I <*Jj (4 aj>«3 L lyii'j) L* unary operation 4 jjU~SM 

iU.y'ill i_i yd L J "kleene closure" 

C = L° L 1 u L} \j... = Q L k 

*=0 


Grammars 

l3js^j Ja>-. 4■!-..>».a 4. 1 a- > - JlpI^S 9-1 | J£jw 

5... < 41aj>-) «(41a>-) ^JjU 4 aJLl?«j oIjaAX* (1) 

i... (“boy” ,“The” Vi* <jJb^ oUAT (2) 

(iU^r) iljJl jJoa (3) 
* , 

^ jl <uiJb>«4 oL^aj^O* (4) 
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(sentence) —» (noun phrase)(verb phrase) 

(object phrase) —* (article) (noun) 

(noun) —> apple 

(a-JL*j (<ua.>ii ' <ULaj*-) <— (4X4^) 

(p-J) ( 5 J> iJT) <— ((J^uL# 4JL4J*-) 

(<U*-Lii') <— (p-w/i) 

CjI j * »V a 1 I J-J» J S jl {j-* L_» ttilj-USM j Jaii 4*Sl$JI 

,^4-j.JlJI 4_ J1 I J L— ft 4 la xil^j 4Ju^>JI ^9 j ^ laV i_91 jJ» *i! 1^ 

• UbjJ^j 4jJJtj JlpI^aU ^JbJI Ja j OjSLJ ^LpI 


(sentence) 



(noun phrase) 4 *a~. 1 iU^ 


I ^ 


(verb phrase) itj**- 



(article) *_iyu obi (noun phrase) 



frLii aUj>- 

(verb) Jjo (object phrase) 



(adjective) <1^. (noun) *«»l 

a a ' 


obi 

(article) 



The 

ojjjcdl obi 

Jl 


little 


boy jJj ate an 

sbl 

9-1 Jtt 


(noun) 


apple s^liy 


I#•!_)>-1 a*jj! ^ OjSos *G jlpIjaM jl t o 1 jL jJ l ^j^Ssi jlpIjS 

.(SiUI ob>) K <si (1) 
N = V\T j+aL Ia^^Up V T <Py>r (2) 

• O J I 4«k9I X® yp VjLP 


.Start 4jIjlJ1 jaj j. S’ jjj ( 3 ) 

SjLp v—(*» P) £\3-> u* p *** ( 4 ) 

o‘\ v^. p cr-* ^ ^ <y oUIT P 3 cc cc-> p 

VW- y,/k j!i* -b^b L yip 
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SjL-iyi JL_jy LbJup- G — G( V, T, S, /*) t$3 yoy, ^ Jipljiill oJi* Jd# 

aJ-JjlU ciy-, JU1 Gy }I /Jb jJ b) 

S_j^Di j *-p ... «c >a i_ilji»bU jA JLpIjaJI ^e- 

t-UJ .5 SjJjlJ l j_oj ... ,C ,/4 iL*UI Sj-SJI 4;jLJ*^Ui ciyyJL 

oLa. 1S3t tV CjLaISU J_a jj <_9y_*« ... <0 tCl 4__JLjP^!i iJjyvJt 

v_*^S o i_5y~» dLb ^JLp oj^Lpj .iJ^UI j*pj <Lijia)l 
a-> 0 r a->p 2 ... ,a^>p k y* *iJb a^>(p v p 2 .0 t ) 

\ m a >/g y^w* jZ-iu» <^«Jlyj 1 * UaP la at G JLP lyi) I i_3iyCLy. La 1jdS* I aI^^^La 
1—a Ja 4» ^_lb G 4*9jUl 4*9yUI ^?LjJ I OIj 4 j>I_IlJ1 JAj jA S Ot 

Language L(G) of a Grammar G G -L^IjaU L(G) AAiJl 

W => W' <_*. >Ci .G JLpIjii) V 4*1)1 obyta iii ^S- y*£ aIS* w' j w y£J 
OJU»-j bl <_£? <£_ilyJl JL_»-I ^l-l»*x*-L> W y* w' ^s- ySbl b) 

Ojj-^aj dJS i_*^Soj .«—>/? ^oljj w' = w/?v <W = wav (jLia-J V tU jLaIS' 

\V* => w' j[ w =>=> w' 

ya ^JLp ^I.V.'>«VmL W ye w' ^1p Jy^a^JI y^e! lij 

*L(G) —i t$J yoyj <(G) JlpIjaII iiJ . T isiJl ob JLpIjS G ySoJ 

iS iJjJI yej yu LgjLp yixAj yJ I T y ob-lSJ I ^a.>- ya <jySLi‘ 

jl ^1 «4ib*Ji LLa.w.IL 

L(G) = {w e T*:S =^=> w} 

Types of Grammars Js>\jA Jl ^Ijil 

|» * 1 . l^_> --'■' j^jJ! ^_rlyJ I j_J ^ by* (Jj)va* |^3| Jjp-lyfiil <. i.1 %<ai* 

.Noam Chomsky ^ry. Jplyil] ^LJI 
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I^LHS* <»i yii 3 <2 «1 . J ^3 4j I 4j»*i'l^j S’ <wJ .AP-ljiU 0 £"^31 

a -> p ojj-^il grlJ J_£J OLS* LI 1 £>dl ^ l*sf JLl G J^lyll (1) 

.«-► A Sjj-^il jl I a\ < \p\ 

/4 —> p oj^_vaJt ^i’Lj GL^" Lj 2 ^-^ill { y a l^il JLd G jlc-IjaJI (2) 

jl /4 —> a 5jj s^ll gjrli <3^ uL" LI 3 £^JI {j* l^il JLb G jpI^sJI (3) 

Jo jt-* \j ya:c- j— o.Ml i_jL^»JI Oj£j LoJjlp ^1 <A -> a B Sjj-^il 
j -,^»• *=■ 4_JLj Li^ l^^sdjLP jI Li jJ» 1^ vase- ( jaj *iJl Jb*Jlj) Ijl>-Ij 

.S -> A Oj^ail jl 


^_A 3 ^-j-jJl JL-f-1 jS ( J5* 01 (_jl La jA IsfjJG' 0^£> JlC-l^iiil jl Ja>-*i 

1j® J-^3 1 £j-^ '-^3 <_** 2 -^'j 5 2 G* ^3 

.0 ^-^Jl L^t l £^jJI 

-j "jA jt-s* * jl ' (jL—JJ 4_■*' L$iLij Laj.I -ic-ljiiJl <— tc^ai 

I^IS* "i^Uai" jl "jL-JL 

c-iL* LI context-sensitive JL-JJ i—L- l>- l$il Jli G JlpI^aII (a) 

<x4ar' —» apa' 

|j| L Sa 4 _aJL£J I ^_S P /t ( J_>Jl ; j <LJI£q)I AaA^mII oJLA 

.a’ «<2 ^ /i cJlS' 

«_iljJI oiL_S* LI context-free "JL-JL ^L-i^r 4 { y *~j G JLf-ljiil (ft) 

A^>p 

£3^aJ ^Lli I Gj-i P —i A ^JlxaJI J JJ Li I aaJL>- ( jA La^moII oJjfc ^jj'tj'j 

.A 


* t 
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oj^all ^JLp cjIS' lil iu«Ui 3 regular l$J Jli» G (c) 

A —> q, A —> aB, S —> X 

^ - - jdl fJ4l *«L> Jc2 * i yjl ^*P £jJI ^Ja JlP i 0 Ja^ 

.3 £-jjJI ^jA \ $ IMt j) 4 *aH alil Jiplyjl ulj 2 

^jjo G JlpIjaJI 9.1 aJL—>A 

Solved Problem 9.1 Determine the type of grammar G which consists of 
the productions: 

(a) S —> aA, A —> o45, B —* b, A -* a 

(b) S -► aAB , AB->bB,B^>b,A^> aB 

(c) S’ —» a/lfl, AB —> a, A —> b, B —> AB 

y) 5 —> dd, 5 —> bA, B —> b, B —) a, A —> aB, A —) a 

:,>Ji 

* j—u.S/i jaAx*JI l)I (A —> a ojj^aJI ^1 p JS* (o) 

*2 G* £^iil G 

v-jL^ii jj_u ‘ii j-s* ^ Jji» (i>) 

.1 ^Ji ,y> G 

.0 'j* G o\ AB —» a ^i'Lil (c) 

. A —> a B j I A —> a ajj^yal I <1 U ( J5* c>. 3 I ,jA j I ioo Uaj G ( d) 

Finite State Machines 4^ juiti AllaJI utfl 

:^\jpr\ 6 ja jj£j M (aaUI tf^l) /\ 4,^.1 i iiUJI iiT 

.O^U-JbJI jjAj ^jA A <U£XlA 4 S 4 ( 1 ) 
.’’internal” "iJU-ljdt" o'jIUJI ja S *^a isi (2) 
.oU- j£«aJI Jjaj ^jA Z 4*^xiA 4 si (3) 
.S So <LjlJLX jI aJU- (4) 
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,f:S*A ->S ,SJUJI aJUJI ilb ( 5 ) 

mg". S x A —^ 2 ^ I <i!b (6) 

j^o^Uj M aJ ^ft #Jla y»y_ 

M = M(A,S,Z,s 0 ,f,g) 

.iodi Ubpij>-i ( j ! Mj ui Jb 4 y U-Up 

O^A-ji-JudJ 0lj—*J L$J M 4 .$7tdi 4)Udl All «_9 jAj ^JLj b-J I(JUiA 

.OU- _p«dJ 4j J 4*Jl>-1j O'ifb- 

Example. The following defines a finite state machine M with two input 
symbols, three internal states, and three output symbols: 

. A = {a,b} (1) 
mS ~~ {^0> *^l> ^ 2 } (2) 
.Z= {x,y,z} ( 3 ) 
.Initial state s 0 (4) 

L5 i'^fl5' as ym f : S x A -» S next-state function SJUll aJUJI Alb (5) 

/(*,,«) = J 2 ’ /(*2’ fl ) = 5 0 
f(s 0 ,b) = s 2 m f(s lt b)^s l9 f(s 2 mb) = s { 

Xyu> g:SxA^Z (6) 

g(.r 0 ,a) = .x, g(j,,a) = jr, g(s 2 ,a) = z 
8{s 0 > b ) = y> g{s\,b) = z, g(s 2 ,b) = y 

oUKJl ^9.2 aJLoo 

u = a 2 ba 3 b 2 and v = bab 2 
(a)uv\ (b) vm; (c) v 2 . 
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Solved Problem 9.2 Consider the words 


u = a 2 ba i b 2 and v — bab 2 

find: (a) «v; (b) vm; (c) v 2 . 

(a) wv = (a 2 ba 3 b 2 bab 2 ) = a 2 ba 3 b 3 ab 2 

(b) vu = (bab 2 \a 2 ba 3 b 2 ) = bab 2 a 2 ba 3 b 2 

(c) v 2 = vv = (bab 2 )(bab 2 ) = bab 3 ab z 

^_Lp 0j_xJ1 4 o * JL_s^j 0] iM jA Lb 9.3 aJ I .« » 

<IA L> Free Monoid 4ol^-SfI A 4jJb»*j , }|l 

Solved Problem 9.3 What, if any, is the difference between the free semi¬ 
group on an alphabet A and the free monoid on A? 

A 4_J I _P O LfcASU i ^A-->- 4 si A ^JLp 5J1 SI 4l*Ji I I 

^JLp- (jjj "■>-'» A ^Lp h^>JI 4j_il>-Sll ojjo^JI <iw*sLcJI 4.JLftjp c*>«j 

.X iJUJl iJ£>l 
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(^j jtm/ (^jddLxlj) ulAifauat) 4*jl£ 


(A) 

Ackermann function 
Algebra: 

propositions 


Algorithms: 
binary trees 
Euclidian 
functions 
Kruskal 
spanning tree 


representing in memory 


\ SJb 




traversing 


UUi5 Binomial coefficients 


obi 

'—'W'OjLp" 

jL>ol 


Ay n jJb J 
J'ji 


>jJ yJI 


Alphabet 

Antisymmetric relations 

(<U)U«Xo) iUlo-V.a olS!>U 


olj O^Ulu 
Bipartite graphs 1 iJLj oUaLi^o 

Boolean algebra: y 

definitions ..JjjUy 

duality ILiLj 

logic gates and circuits 

4«al ii .a obly 

Bridges ylw 


Arguments 
Associative laws 

(B) 

Biconditional statements 




iyLS' yjUi' 

Binary relation ijUj' oli'^U- 

Binary search trees idbdl 0»«JI jUil 
Binary trees: jUwl 

about j* 

complete iob 

extended oJLutut 


Classes of sets 
Closure properties 
Combinations 
Commutative laws 
Complement law 
Complete graphs 
Composition of relations 


i **-» 1 * & 11 (J yjsi 
( ysly>- 


4jolj i"jl UL-wa 


OlS^bdl Ji 

Conditional statements *A >yjUy 

Connected components aLI oli" j> 

Connectivity Jajly 

Contradictions o UaS Ly 
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Counting 

lull 

factorial 



Counting principles 

.ull tpLjs 

invertible 



Cutpoints 


logarithmic 


jJ 

(D) 


one-to-one 



Data structures 

oblJI JS'Ljs. 

onto 


(oyiU) 

Degree of a vertex 


prepositional 



DeMorgan's laws 


recursively defined 

Li_jl^So' 43 jx-a 

Diameter 



(G) 


Distance 


Grammars 


-i*lj3 

Duality 

(j-;V_Sy) iJlu 

Graph theory 


oLULj^eJ 1 

(E) 


Graphs 



Empty set 

SJU- iii 

bipartite 



Equivalence relations 


complete 


4j*\j 

Euclidean algorithm 

<Um jJU j 

finite 



Exponential functions 

L.I Jlji 

homeomorphic 

ry 

(F) 


isomorphic 



Factorial function 

ujjviA 11 iita 

labeled 



Factorial notation 


regular 


4*4 Uaj 

Fibonacci sequence 


tree 



Finite graphs 

oUalai^jS 

trivial 


i^ib' 

Finite sets, counting principle 

weighted 



_uJl 

|ju* olii 


(H) 


Finite state machines 


Homeomorphic graphs 

AAi- tji oUa!a>«jO 

4* 

iJUJl o^T 

Horner's method 


jjy* ’**i.J* 

Free semigroup 

0^# 1 ] 1 6jjBj] 1 4 , ■« 




Functions 

Jljj 

Inclusion-exclusion principle 

as relations 




- IjuJI 

exponential 

1 

Idempotent law 
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Identity law j^UasJl UyJ^S 

Indexed classes of sets 

obflll j4r*- L 'J j -->« 
Inverse relation 2. ^ 23 ^U- 

Invertible functions iX.-.* 

Involution law u 

Isomorphic graphs 

j_j.il>-! oUaL>» * 

<K) 


Logic gates 

-sL: a 

Logical equivalence 


Logical operations 

4 ...plxLa CjLJLajP 

(M) 


Machines 


finite state 


Mathematical functions 

*w>Lj 

Mathematical induction 



Minimum spanning trees 


Kleene closure of L L J <3^M 

(L) 


(<aJU^) oUala>*J 

oUJ 


Labeled graphs 
Languages 
Laws: 

algebra of propositions L La*I 1 ^-ay- 

algebra of sets oliiJI ^-ay- 

associative i->-loj 

commutative 
complement 
DeMorgan's jl>j^ 

distributive 2^,jy 

idempotent ^j—jJ 1 


identity 

involution 

Logarithmic function iJli 

Logic and prepositional calculus 

jj jjjiA I l_j L->J I j I 


JiSll pjJ jaJI jU^^I 
Multigraphs ollak^Jl iJbcc# 

(N) 

Negation of quantified statements 

l l jt_) UJ l 

Notation j+aJ i 

(O) 

One-to-one functions Jlja 

Onto functions (s^-olt) iijs Jlja 

Ordered and unordered partitions 
* * 
i-i 'jA J i-Jj-P 

(P) 

Partial ordering relations i-i y> ol5 
Partitions oLuj^j* 

Pascal's triangle JlSL-j tiJLio 

Paths oljL-p 

Permutations Jo Li' 

Pictorial representations of relations 


Logic circuits 


4.a'h: p 


O It ji s^av 11 1 
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Pigeonhole principle 


Power set 

its 

Principles: 

CPU. 

counting 

juJI 

inclusion-exclusion 

^jUI - J^UJI 

of abstraction 

JL> ^tal) 1 

of duality 

iJUiJI 

of extension 

juJI 

of finite sets, counting 

Jodi 

<4*$iuJI ol tall 

of mathematical induction 


of substitution 


pigeonhole 


product rule 

i _ > j*s> a JlpIs 

sum rule 

oJL&ls 

Priority queue 

*j/| jjjUa 

Product sets 

WJ yi> Oli8 

Propositional functions 

L LacI 1 Jlj^ 

Propositions 

LiLsoJ 

(Q) 


Quantifiers 

jlj— i 

(R) 


Recursively defined functions 


jl j£j 4$ jAjB (Jlji 


Reflexive relations iL-ASoul olsM* 

Regular graphs 4^«Ua; oLLLi^a 

Relations ols^lc- 


antisymmetric 

<i)l>bwo 

binary 

4*5 Lo 

composition of 


equivalence 


functions as 

S Jlji 

inverse 

l 

partial ordering 

V"/ 

pictorial representation 

reflexive 

4^~»\5ouI 

(S) 

Symmetric 

1 A.V.a 

Sequences 

OtaulzU 

Set operations 

iuJI ^jJLp oULa^- 

Set theory 

Oliill 4jjJaj 

Sets: 

oUs 

classes 

Jj-*aS 

indexed classes 

J y*aS 

power 

jiJ 1 oUi 

symbols 

jy>j 

Solution set 

J»JI its 

Stacks 


Subgraphs 

i^y=r oLUL^a 

Subsets 

otts 

Symmetric relations 

ilu 1 a V o ols ^Lp 

(T) 

Tautologies 


Theorems: 

Ob jiai 
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algebra of sets 


argument 


Boolean algebra 


combination 


concatenation 

i_jUj 

DeMorgan 

(J* 

duality 


equivalence relations 

equivalents 

oLiilSLa 

finite sets 

oUi 

inclusion-exclusion 

J-eLlJI — 

invertible function 

4-^w:a <lb 

logic circuits 


ordered partitions 

t 

'jA CjLjJ^o 

Pascal's triangle 

JISL-j *iiio 

path 

jL*kd 

permutations 


propositions 

b.Uia 

reflexive and symmetric closure 




relations 


subsets 

i+Syr obi 

transitive closure 

i 

tree graph 

j>«-i lala>«J 

vertex degree of 


Transitive relations 

4j JjOLJ Ol5 

Tree graphs 

4j olLki^a 

Trivial graphs 

4^9\j ‘ b 

Truth tables 


(U) 

Universal set 

iUUJl iull 

(V) 

Venn diagrams 


Vertex 

u-b 

(W) 

Weighted graphs 


Words 

olds' 
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